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Preface 


Modern age technologies are so fast changing that we have to adapt to them in all spheres of life at the 
same pace. Education (especially Computer Science subjects) is one such field where we see major 
change in the syllabi every now and then. 


The subject ‘Computer Science’ (code 083) saw a major curriculum change in the recent past to 
accommodate the changing needs as per the changing technologies. The book in your hands is an 
updated and revised edition of the subject ‘Computer Science’ (code 083) class 12, which is updated as 
per the latest syllabus released and also contains objective type questions added to each chapter along 
with many other important updations/changes in the content of the book. 


Like earlier edition, this book adheres to the CBSE curriculum for Computer Science (083) for Class XII. 
Based on the syllabus, the book has been divided into three units. 


Unit 1 : Computational Thinking and Programming-2 


Unit 1 has been divided into nine chapters (chapters 1-9). This unit covers revision of Python you learnt 
in class 11, writing Python functions, using Python Libraries, File Handling, Recursion, introduction to 
algorithmic efficiency, and data structures stacks and queues implemented through lists. 


Unit 2 : Computer Networks 


This unit has been divided into one chapter (chapter 10). This chapter covers unit 2 and takes you to 
fascinating world of communication networks. It introduces various network concepts like LAN, MAN, 
WAN, PAN, Internetworking concepts, Networking Devices, Data Communication Technologies, 
Communication Protocols, Wireless/Mobile Computing, Network Security etc. 


Unit 3 : Database Management 


This unit has been divided into five chapters (chapters 11-15). This unit covers introduction to relational 
database, simple queries in SQL, Table creation and data manipulation grouping records and Joins in 
SQL, and Interfacing with MySQL from within a Python program. 


Apart from the text book, we have also provided a practical book ‘Progress In Python’ that contains 
additional practice exercises. Although the text book contains sufficient number of practice questions 
and exercises, yet the additional practice of exercises given in the practical book will make the 
foundation of programming and other concepts even stronger. 
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IMPORTANT : In some chapters of the book, we have shown screenshots of Python shell used in Spyder 
IDE (IPython shell) which uses in[ ] : prompt to take commands. But in text section, we have given 
commands with >>> prompt, which is a standard way of telling that this command is given on a Python 


shell prompt. 


All Python shells execute t 
many universities and pref 


he code in the same way, though IPython shell is an enhanced shell, used in 
erred in data sciences and other research works. You are free to use any 
Python IDE/shell of your choice, but we have installed Python using Anaconda distribution which 
installs maximum libraries along with Python. As Spyder IDE and IPython shell is available as part of 
Anaconda Python distribution and is very easy to use, we have given screenshots of Spyder IDE and 


IPython shell in this book at times. 


The SIPO app for associated Digital Resources. 
We are launching digital resources along with this book for : 
~> Explanatory videos/animations/illustrations 
~ Selective Assignment solutions 
+ Other additional resources 
to provide visual support for your learning. To use and view this content, you can use the SIPO app, 
downloadable currently from Play Store (will soon be available on App Store too). 


Using the SIPO app, you can scan the QR codes given in the book to play/view the associated digital 
content. SIPO app also makes avaialble additional useful support material, which is available without 


any QR code scanning. 


While writing the book, we have tried to keep the explanation simple with lots of examples, illustrations 
and a reader-friendly presentation. Like its predecessors, this book contains the summary of topics 
covered in the book in the form of ‘Let Us Revise’ and keyterms compiled under ‘Glossary’. Also, 
definitions and important points have been presented separately through definition boxes and note 
boxes respectively. Every chapter contains very short answer type/revision questions in the form of 
Check Points given at several places in the chapter. End of the chapter contains many OTQs (Objective 
Type Questions), Solved Problems, Assignment containing conceptual questions/short answer type 
questions, application based questions and knowledge-based/programming practice questions. 


No book is ever complete, there is always scope of improvement. Thus, it is a request to our esteemed 


readers to send their feedback, suggestions, opinions etc. for the improvement of the book. All your 
responses are whole-heartedly welcome. 


April, 2020 SUMITA ARORA 
E-Mail : arora.sumita@gmail.com 

follow me at : twitter.com/SumitaArora 

Sipo email : siposupport @edupillar.com 

Website : www.edupillar.com 
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Unit No. Unit Name Marks 
1. Computational Thinking and Programming — 2 40 
2. Computer Networks 10 
3. Daie Management 20 
5. Practicals 30 
Total 100 
: Computational Thinking and Programming — 2 (70 Theory + 50 Practical) 


Revision of the basics of Python 

Functions : scope, parameter passing, mutable/immutable properties of data objects, passing strings, lists 
tuples, dictionaries to functions, default parameters, positional parameters, return values, functions ‘usin 
libraries : mathematical and string functions. 8 
File handling : Need for a data file, Types of file: Text files, Binary files and CSV (Comma separated values) 
files. 

Text File : Basic operations on a text file: Open (filename — absolute or relative path, mode) / Close a text file 
Reading and Manipulation of data from a text file, Appending data into a text file, standard input /output and 
error streams, relative and absolute paths. 

Binary File : Basic operations on a binary file: Open (filename — absolute or relative path, mode) /Close a 
binary file, Pickle Module - methods load and dump; Read, Write/Create, Search, Append and Update 
operations in a binary file. 

CSV File : Import csv module, functions — Open / Close a csv file, Read from a csv file and Write into a csv file 
using csv.reader ( ) and csv.writerow( ). 

Using Python libraries : create and import Python libraries. 

Recursion : Simple algorithms with recursion: print a message forever, sum of first n natural numbers, 
factorial, Fibonacci numbers ; recursion on arrays: binary search. 

Idea of efficiency : Performance measurement in terms of the number of operations. 


Data-structures : Lists as covered in Class XI, Stacks — Push, Pop using a list, Queues — Insert, Delete using a 
list. 


(15 Theory) 


Evolution of Networking : ARPANET, Internet, Interspace Different ways of sending data across the network 
with reference to switching techniques (Circuit and Packet switching). 

Data Communication terminologies : Concept of Channel, Bandwidth (Hz, KHz, MHz) and Data transfer rate 
(bps, Kbps, Mbps, Gbps, Tbps). 

Transmission media : Twisted pair cable, coaxial cable, optical fiber, infrared, radio link, microwave link and 
satellite link. 

Network devices : Modem, RJ45 connector, Ethernet Card, Router, Switch, Gateway, WiFi card. 

Network Topologies and types : Bus, Star, Tree, PAN, LAN, WAN, MAN. 

Network Protocol : TCP/IP, File Transfer Protocol (FTP), PPP, HTTP, SMTP, POP3, Remote Login (Telnet) and 
Internet, Wireless / Mobile Communication protocol such as GSM, GPRS and WLL. 
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Unit 3: Database Management 


Mobile Telecommunication Technologies : 1G, 2G, 3G, 4G and 5G ; Mobile processors ; Electronic mail 
protocols such as SMTP, POP3, Protocols for Chat and Video Conferencing: VoIP, Wireless technologies such 
as Wi-Fi and WiMax 

Network Security Concepts : Threats and prevention from Viruses, Worms, Trojan horse, Spams ; Use of 
Cookies, Protection using Firewall, https ; India IT Act, Cyber Law, Cyber Crimes, IPR issues, hacking. 


Introduction To Web services : WWW, Hyper Text Markup Language (HTML), Extensible Markup Language 
(XML) ; Hyper Text Transfer Protocol (HTTP) ; Domain Names ; URL ; Website, Web browser, Web Servers ; 
Web Hosting, Web Scripting — Client side (VB Script, Java Script, PHP) and Server side (ASP, JSP, PHP), Web 


2.0 (for social networking) 
E-commerce payment transactions using online banking, mobile banking, payment apps and services. 


(25 Theory + 20 Practical) 


Database Concepts : Introduction to database concepts and its need 
Relational data model : Concept of domain, relation, tuple, attribute, degree, cardinality, key, primary key, 


candidate key, alternate key and foreign key 

Structured Query Language : General Concepts ; Advantages of using SQL, Data Definition Language and 
Data Manipulation Language 

Data Types : number/decimal, character/varchar/varchar2, date 


SQL commands : CREATE TABLE, DROP TABLE, ALTER TABLE, UPDATE ...SET...., INSERT, DELETE; 
SELECT, DISTINCT, FROM, WHERE, IN, BETWEEN, LIKE, NULL/IS NULL, ORDER BY,GROUP BY, 


HAVING 
SQL functions : SUM(), AVG( ), COUNT( ), MAX() and MIN() 
Joins : equi-join and natural join 
Interface of Python with an SQL database 
— Connecting SQL with Python 
— Creating Database connectivity Applications 
— Performing Insert, Update, Delete queries 
- Display data by using fetchone( ), fetchall( ), rowcount 


PRACTICAL 


Unit No. Unit Name Marks 


1. Lab Test (12 marks) 
Python program (60% logic + 20% documentation + 20% code quality) 7 


Small Python program that sends a SQL query to a database and 5 
displays the result. A stub program can be provided. 


2. Report File (7 marks) 
Report file : Minimum 20 Python programs. Out of this at least 4 
programs should send SQL commands to a database and retrieve the 


result. 

3. Project + Viva (11 marks) | 
Project (that uses most of the concepts that have been learnt in class 11 8 
and 12) 3 


Project viva voce 
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Recursively find the factorial of a natural number. 

Write a recursive code to find the sum of all elements of a list. 
Write a recursive code to compute the nth Fibonacci number. 

Read a text file line by line and display each word separated by a ¢. 


Read a text file and display the number of vowels/consonants/uppercase/lowercase characters in the file 
Create a binary file with name and roll number. Search for a given roll number and display the name, if sA 
found display appropriate message. 

Create a binary file with roll number, name and marks. Input a roll number and update the marks, 
Remove all the lines that contain the character ʻa’ in a file and write it to another file. 

Write a random number generator that generates random numbers between 1 and 6 (simulates a dice). 
Write a Python program to implement a stack and queue using a list data-structure. 


Take a sample of ten phishing e-mails (or any text file) and find most commonly occurring word(s). 


Database Management 


> 


+ 
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Create a student table and insert data. Implement the following SQL commands on the student table : 
ALTER table to add new attributes/modify data type/drop attribute 
UPDATE table to modify data 
ORDER By to display data in ascending/descending order 
DELETE to remove tuple(s) 
GROUP BY and find the min, max, sum, count and average 
Similar exercise may be framed for other cases. 
Integrate SQL with Python by importing the MySQL module. 


Project 


+ 


The aim of the class project is to create something that is tangible and useful. This should be done in groups of 
2 to 3 students, and should be started by students at least 6 months before the submission deadline. The aim 
here is to find a real world problem that is worthwhile to solve. Students are encouraged to visit local 
businesses and ask them about the problems that they are facing. For example, if a business is finding it hard 
to create invoices for filing GST claims, then students can do a project that takes the raw data (list of 
transactions), groups the transactions by category, accounts for the GST tax rates and creates invoices in the 
appropriate format. Students can be extremely creative here. They can use a wide variety of Python libraries 
to create user friendly applications such as games, software for their school, software for their disabled fellow 
students, and mobile applications. Of course to do some of this projects some additional learning is required; 
this should be encouraged. Students should know how to teach themselves. 

If three people work on a project for 6 months, at least 500 lines of code is expected. The committee has also 
been made aware about the degree of plagiarism in such projects. Teachers should take a very strict look at 
this situation, and take very strict disciplinary action against students who are cheating on lab assignments, or 
projects, or using pirated software to do the same. Everything that is proposed can be achieved using 
absolutely free, and legitimate open source software. 
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The SIPO app for Digital Content 
linked with this book 


Dear Students 


Get hold of Linked Learning Resources (explanatory videos/ 
illustrations/images/text solutions) for FREE, by scanning QR codes 
given in the chapters using our integrated learning app 


Linked resources include : 


m explanatory videos | 


animations 


Bp 

illustrations 
m images 
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text solutions of selective assignment questions. 


So, what are you waiting for ? Download SIPO now. 
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INTRODUCTION 


You must have enjoyed learning Python in class XI. Python programming language, developed 
by Guido Van Rossum in early 1990s, has become a very popular programming language 
among beginners as well as developers. The journey of Python that you started in class XI will 
continue in class XII as well. In class XII, you shall learn more about Python and some advanced 
concepts. Before we start with newer topics and concepts in Python, let us revise all that you 
have learnt in class XI. And this chapter will be doing just the same, i.e., take you to the revision 
tour of Python that you learnt in your previous class. 


1.2 TOKENS IN PYTHON 


TOKE! 
n is known as a Token | TOKENS 8 ma 
indivi unit in a program 1S oe 

The smallest indiv idual p DEOD eee 
or a lexical unit. program is known as a Token a 

Python has following tokens : dee a lexical unit. 
igs “0 Litera 
(i), Keywords (ii) Identifiers (Names) (iit) Li 


(iv) Operators (v) Punctuators 


# A sample Python program 


for al_in range(1,.10): 


punctuators 
=a 0; 

if a%2 == 

literals 


operators 


Figure 1.1 Some tokens in a Python program. 


keywords 


identifiers 


Let us revise our understanding of tokens. 


1.2.1 Keywords K l 
Keywords are predefined words with special meaning to the A keyword is a word having 
language compiler or interpreter. These are reserved for special meaning reserved by 
special purpose and must not be used as normal identifier programming language. 
names. = 


Python programming language contains the following keywords : 


False assert del for in or while 
None break elif from is pass with 
True class else global lambda raise yield 
and continue except if nonlocal return 

as def finally import not try 


1.2.2 Identifiers (Names) 


Identifiers are the names given to different parts of the program viz. variables, objects, classes, 
functions, lists, dictionaries and so forth. 


The naming rules for Python identifiers can be summarized as follows : 


© Variable names must only be a non-keyword word with 
no spaces in between. 


© Variable names must be made up of only letters 


numbers, and underscore (_). Python is case sensitive as it 
treats upper and lower-case 


<> Variable names cannot begin with a number, although characters differently. 


they can contain numbers. 
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The following are some The following are some invalid identifiers : 
valid identifiers : 

í DATA-REC contains special character - (hyphen) 
Myfile DATE9_7_77 (other than A - Z, a - z and _ (underscore) ) 
MYFI DS 29CLCT Starting with a digit 
-K PILEIS break reserved keyword 
cine HIT3_IK My. file contains special character dot (. ) 


1.2.3  Literals/Values 
Literals are data items that have a fixed/constant value. 


Python allows several kinds of literals, which are being given below. 
(i) String Literals 


A string literal is a sequence of characters surrounded by quotes (single or double or triple quotes). 
String literals can either be single line strings or multi-line strings. 


Single line strings must terminate in one line i.e., the closing quotes should be on the 
same line as that of the opening quotes. (See below) 


¢ Multiline strings are strings spread across multiple lines. With single and double quotes, 
each line other that the concluding line has an end character as \ (backslash) but with 
triple quotes, no backslash is needed at the end of intermediate lines. (see below) : 


>>> Text1 = "Hello World" —___ 


Single line string 


>>> Text2 = "Hello\ 
SSS Multi-line 


World " string 
Text3 = '''Hello E 
world''' No backslash needed 


In strings, you can include non-graphic characters through escape sequences. Escape sequences 
are given in following table : 


Escape What it does Escape What it does 
sequence | __[Non-graphic character] ___|_ sequence_ | [Non-graphic character] 

\\ | Backslash (\) \r | Carriage Return (CR) 

My Single quote (’) \t Horizontal Tab (TAB) 

Sg Double quote (”) \Uxxxx Character with 16-bit hex value 
xxxx (Unicode only) 

\a | ASCII Bell (BEL) \Uxxxxxxxx | Character with 32-bit hex value 
xxxxxxxx (Unicode only) 

\b | ASCII Backspace (BS) \v ASCII Vertical Tab (VT) 

\f | ASCII Formfeed (FF) \ooo | Character with octal value 000 

\n New line character \xhh Character with hex value hh 

\N{name} Character named name in the 


| Unicode database (Unicode only) _ 


Aueawop paved 


dnos5 QAH jO 


j WWOIGSW 3S9 “( 
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ii ic Literal F 
(ii) Numeric Literals values and these can be one of the following types : 


Numeric literals are numeric 


) often called just integ are positive or negative whole 


i ints, 
(a) int (signed integers ers or 1 
numbers with no decimal point. 

The integer literals can be written in : 


© Decimal form : an integer beginning with digits 1-9. €-8» 1234, 4100 etc. 


eger beginning with 00 (zero followed by letter o0) e.g., 0035, 0077 ete 


that for Octal, 8 and 9 are invalid digits. 
beginning with 0x (zero followed by letter X) e.g., 0x73 
lid digits/letters for hexadecimal numbers are 0-9 an d 


Octal form : an int 
Here do remember 
© Hexadecimal form : an integer 
OxAF etc. Here remember that va 

A-F. 
(b) Floating Point Literals. Floating point lite 
and are written with a decimal point dividin 
having fractional parts. These can be written in fractional form e.g., 
Exponent form e.g., 0.17E5, 3.£2, .6E4 etc. 


number literals are of the form 4 + bJ, where a and bare floats and J (or j) represents 
al part of the number, and b is the imaginary 


rals or real literals floats represent real numbers 
g the integer and fractional parts are numbers 
-13.0, .75, 7. etc. or in 


(c) Complex 
JI, which is an imaginary number). a is the re 


part. 

(iii) Boolean Literals 
A Boolean literal in Python is used to represent one of the two Boolean values i.e., True (Boolean 
true) or False (Boolean false). A Boolean literal can either have value as True or as False. 


(iv) Special Literal None 
Python has one special literal, which i i i indi 
oat pecial literal, which is None. The None literal is used to indicate absence of 
Python can also store literal collections, in the form of tuples and lists etc 


1.2.4 Operators 

Operators are tokens that tri i 

gger some computa ion w i i 
ee g putation / action when applied to variables and other 
The operators can be arithmeti 

metic operators (+, -, *, /, %, ** itwi 
ae beari ators (+, =, *, /, %, , IN, bitwise operators (&, ^, |), shift 
Aa esc g operators (is, is not), relational operators (>, : = <= = l=) pee 
, OF), assignment operator (=), m i cals. ak 

$ S : embe i i 

arithmetic-assignment operators (/=, +=, —=, */ Ope et me operators (in, not in), and 


1.2.5 Punctuators 


Punctuators are s 
ymbols t ; 
structures, and indicate AE ps in programming languages to organize sentence 
structure. 7 and emphasis of expressions, statements, and program 
Most common 
punctuators of Python 
programming lan 
guage are : 


"RPE Or. = 
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1.3 BAREBONES OF A PYTHON PROGRAM 


A Python program may contain various elements such as comments, 
Let us talk about the basic structure of a Python program. 


statements, expressions etc. 


# This program shows a program’ s components 
# Definition of function SeeYou() follows 


def SeeYou() : 4— Function 


Comments F 
{begin with #) print ("Time to say Good Bye ! !") 
# Main program-code follows now 
Statements 


a= 15 
b= =e 


print (a +3) 


$f 58.2 # colon means it’s a block 
Pa >i > print ("Value of ‘a’ was more than 15 initially.") Inline comments 
Indentation ~-. ïj (comment beginning 
j in the middle of a line) 


Expressions 
Blocks 


(see indented lines) “=... else: 
ty à print ("Value of ‘a was 15 or less initially.") 


Function call — Seeyou() # calling above defined function SeeYou() 


As you can see that the above sample program contains various components like : 
© Expressions, which are any legal combination of symbols that represents a value. 
Ə Statements, which are programming instructions. 


© Comments, which are the additional readable information to clarify the source code. 
Comments can be single line comments, that start with # and multi-line comments that 


can be either triple-quoted strings or multiple # style comments. 


© Functions, which are named code-sections and can be reused by specifying their names 
(function calls). 


© Block(s) or suite(s), which is a group of statements which are part of another statement or 


a function. All statements inside a block or suite are indented at the same level. 


1.4 VARIABLES AND ASSIGNMENTS 


Variables represent labelled storage locations, whose values can be manipulated during 


program run. 


In Python, to create a variable, just assign to its name the value of appropriate type. For 
example, to create a variable namely Student to hold student’s name and variable age to hold 


student's age, you just need to write somewhat similar to what is shown below : 


Student ='Jacob' 
Age = 16 


A = F 


anjn 244 om 


Auedwog payed 
dnos5 (an JO 


1.4.1 Dynamic Typing 
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labels referring to these values as shown below. 
ate la 


Python will internally cre 
Student 
a 


, assigning to it some value (of a particul 
f arjable is defined by assigning = 
have learnt, a variable i after the statement : 


In Python, as you 
Py r instance, 


type such as numeric string etc.). Fo 

X=10 i 
We can say that variable x is referring to a value of integer type- l 
other type to variable x, Python will not 


Later in your program, if you reassign a value of some 


complain (no error will be raised), ¢.g~ pE 
x=18 A variable pointing to a value of | 
print(X) a certain type, can be made to | 


point to a value/object of | 
different type. This is salted | 


passes Dynamic Typing. 
Above code will yield the output as : See 
12 
Hello world 
So, you can think of Python variables as labels associated with objects (literal values in our case 
here) ; with dynamic typing, Python makes a label refer to new value with new assignment 
(Fig. 1.2). Following figure illustrates it 


x10 d= 


X = “Hello world” x 


X = "Hello World” 


String:Hello World 


Figure 1.2 Dynamic typing in Python variables. 


yping vs. Stotic Typing 


ynamic typing is different from Static Typing. In Static typing, a data type is attached witha 


variable when it is defined first and it is fixed. That is, data type of a variable cannot be changed 
in static typing whereas there is no such restriction in dynamic typing, which is supported by 


Python. 


1A 
1.4. 


Multiple Assignments 


Python is very versatile with assignments. Let’s see how. 


1. Assigning same value to multi 7 
iple variables, i i 
Wie ina baba . You can assign same value to multiple 


a=b=c=10 
It will assign value 10 to all three variables a, b, c. 
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2. Assigning multiple values to multiple variables. You can even assign multiple values to 
multiple variables in single statement, ¢.g., 

X, Y, Z=10, 20, 30 
first variable is given first value, second variable 


ill assign the values order wise, i€. ; 
e i i i statement will assign value 10 to x, 20 to 


the second value and so on. That means, above 
y and 30 to z. : 
If you want to swap values of x and y, you just need to write as follows : 
X, Y=Ys%X i , s 
In Python, assigning a value to a variable means, variable’s label is referring to that value. 


_ WF 3000 ` 


| | [for statement 
—_ | val = 3] 


@ |val 
` val 
s Memory address (3000) Memory address [3048] storing 
Variable val stores values at same location storing value 3 is assigned a value 6 is assigned a label as 
(memory-address) and changes values label as val [for statement val = 6]. 
stored in it. val [for statement val = 3] Now val no longer is referencing 


to memory location 3000. 


Literal values are having a fixed location and variable 


(a) In traditional programming languages names reference them as labels. 


like C/C++ etc. 


(b) In Python programming language 


Figure 1.3 How variables are stored in traditional programming languages and in Python. 


1.5 SIMPLE INPUT AND OUTPUT 


In Python 3.x, to get input from user interactively, you can use built-in function input(). The 
function input() is used in the following manner : 


variabLe_to_hold_the_vaLue = input (<prompt to be displayed>) 
For example, 
name = input (‘What is your name ?') 


The above statement will display the prompt as : 


ges eSPSGeceenaneeneeneeny 
auza 


at 
a In [3]: name = 
s 


ta 
2 > What is your name | R 
C. Type your input data here 


Saning BYyt oA 


Auvawop payed 
drain QEN JO 
SUYSAHSI 


VOIGAW Isaga“ 
RUeXS PILOG Əy je 


OILNTOS U! paajo 
TYNOILIQAY pue 


UBUD JUBJOYIP JO} 
bid jeouawnú pape 

"13}dey? yor 
“suonsanb awos q 
puy poys ‘adL 4a 


WJ180Yd JƏ3IL 


D pue jesow ay} 


Bəjjoə jeuossəy 
se suoneujwe. 


p ‘uonejuasasd 
q SEY YOO sių 
0} 6ujpJo22e 

g3 Ag paguog 


The input( ) func 
and float() to be u 
float types. You can : 


© Read in the value using inpu i 
se int() or float() function 


to int or float respectively. 
ese two steps in a single step too, 


© And thenu 


You can also combine th 


<variable_name> =i 


Or 


<varniable_nam 


tion always returns à 
sed with input() to co 
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1g type: Python offers two functions 3 


value of Strit . i n ) 
nvert the values received through input() into int ang 


t() function. 


with the read value to change the type of input Value 


ie., as: 


nt( input ( <prompt string>) ) 


e> = float ( input ( <prompt string?) ) 


F itn [19]: works = float ( input (“Enter marks ) ); 

J BRENT See, l TETE ~ 
: Enter marks : 73.5 aenst tere Ke Fun tion int() around input) ` 

: i i a i ? ; rts the read value into int 

. : = int ut("what is your age ? ") ); * convel th type 
: ih ile a i i and function float( ) around input() 
5 ‘What is your age ? 16 hs ia converts the read value into 
i ae. mk float type 

2 ° ia P È ; 

"e ‘In [21]: type(marks) Q f y 


;Out[21}: float 


In [22]: type(ege) 
7- TELLLLL 


Out[22]: int 


While inputting integer values using int() with input(), make sure that the value being entered 
must be int type compatible. Similarly, while inputting floating point values using float() with 
input(), make sure that the value being entered must be float type compatible (e.¢., ‘abc’ cannot 
be converted to int or float, hence it is not compatible). 


Output Through print( ) Statement 


The print() function of Python 3.x is a way to send output to standard output device, which is 


normally a monitor. 


The simplified syntax to use print( ) function is as follows : 


print(*objects, [ sep=‘’ or <separator-string> end = ‘\n’ or <end-string> ])9 


“objects means it can be one or multiple comma separated objects to be printed. 


Let us consider some simple examples first : 


print ("hello") 
print (17.5) 
print (3.14159*(r*r)) 


print (“I\’m", 12+5, "years old.") 


#a string 

# a number 

# the result of a calculation, which will 
# be performed by Python and then printed 
# out (assuming that some number has been 
# assigned to the variable r) 
# multiple comma separated expressions 


The print statement has a number of features : 
© it auto-converts the items to strings i.e., if you are printing a numeric value, it will 


> 
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automatically convert it into equivalent string and print it ; for numeric expressions, it 
first evaluates them and then converts the result to string, before printing. 

it inserts spaces between items automatically because the default value of sep argument 
(separator character) is space(‘’ ). 


Consider this code : Four different string objects with no 


"n onson "amip " pe space in them are being printed. 
print ("My", "name", "is", “Amit. ) 
will print 
But the output line has automatically spaces inserted in 
My name is Amit. —— between them because default sep character is a space. 


You can change the value of separator character with sep argument of print() as per this : 


The code : 
print ("My", "name", "is", "Amit.", sep='...' ) 
of Se = 
will print aw 
š & =o This time the print() separated the items 
My...name...1S...Amit. with given sep character, which is ‘...” 


© it appends a newline character at the end of the line unless you give your own end 


If you explicitly give an end argument with a print() function then the print() will print the line 
and end it with the string specified with the end argument, and not the newline character, e.g., 


argument. Consider the code given below ; 


print ("My name is Amit.") 
print("I am 16 years old") 


io Pr Care SAS EA ee 
A print( function without any 
De te pretresa 


value SOF Dame Lon e ressio 


It will produce output as : 
rints a blank line. 


My name is Amit. 
I am 16 years old 


the code 


will 


print("My name is Amit. ", end = ‘$’) 
print("I am16 years old. ") ..** 


. 
. 
. 
. 
. 


n a ai 


My name is Amit. $I am 16 years old. 


print output as : This time the print() ended the line with given end 


character, which is’$' here. And because it was not 
newline, next line was printed from here itself. 


Write a program to input a number and print its cube. 


num = float(input('Enter a number: ')) 
num_cube = num * num * num 
print('The cube of’, num, ‘is’, num_cube) 


8007:10 
yungu 
aNg 


sooq 


bid judg 
ə pied 
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1.2 Write a program to input a number and print its square root. 


pogam num = float (input(' Enter a number: ` )) 
num_sqrt = num ** 0.5 


print('The square root of', num, 'is', num_sqrt) 


P iva Bann o o Pnaiesaln Pihon AA 
a a 


This ‘PriP’ session is aimed at revising various concepts you learnt in Class XI. 


Science with Python and fill it there in PriP 1.1 under Chapter 1 after 


€ Please check the practical component-book — Progress in Computer 
practically doing it on the computer. 


>>> <<< 


1.6 DATA TYPES 


Data types are means to identify type of data and set of valid operations for it. Python offers 
following built-in core data types : (i) Numbers (ii) String (iii) List (iv) Tuple (v) Dictionary. 


li) Data types for Numbers 
Python offers following data types to store and process different types of numeric data : 
(a) Integers 
© Integers (signed) 
¢ Booleans 
(b) Floating-Point Numbers 
(c) Complex Numbers 


(a) Integers. There are two types of integers in Python : 
(i) Integers (signed). It is the normal integer representation of whole numbers. Python 3.x 
provides single data type (int) to store any integer, whether big or small. 
It is signed representation, i.e., the integers can be positive as well as negative. 
(ii) Booleans. These represent the truth values False and True. The Boolean type is a 


subtype of plain integers, and Boolean values False and True behave like the values 0 
and 1, respectively. 


(b) Floating Point Numbers. In Python, floating point numbers represent machine-level double 
precision floating point numbers (15 digit precision). The range of these numbers is limited by 
underlying machine architecture subject to available (virtual) memory. 


(c) Complex Numbers. Python represents complex numbers in the form A+B j. Complex 


numbers are a composite quantity made of two parts : the real part and the imaginary part, both of 


which are represented internally as float values (floating point numbers) 


is 
cA 


EE Tne 
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You can retrieve the two components using attribute 
references, For a complex number z : 


© z.real gives the real part. ‘Python represents, ʻi complex . 


> z.imag gives the imaginar pum persiaa paei onne 
£8 ginary part as a float, not as a point numbers: ot std 
complex value. oi 5 oe 


‘Table 1.1 The Range of Python Numbers 


Data type Range 


Integers an unlimited range, subject to available (virtual) memory only 


Booleans two values True (1), False (0) 


Floating point 
numbers 


an unlimited range, subject to available (virtual) memory on 
underlying machine architecture. 


Complex 
numbers 


Same as floating point numbers because the real and 
imaginary parts are represented as floats. 


(ii) Data Type for Strings 


All strings in Python 3.x are sequences of pure U nicode characters. Unicode is a system designed to 
represent every character from every language. A string can hold any type of known characters 
i.e., letters, numbers, and special characters, of any known scripted language. 


: Bias i s EE 

Following are all legal strings in Python : Ear EE T MESTR 
pa anaiai 

“abed” , “1234”, '$%^8', 2777, “SABE” , “apy”, “SF, ‘Valid string indices are 0, 1, 


“aa”, “ag dia oi? 2... upto length-1 in forward 
direction and —1, —2, -3... 
— length in backward direction. ~ 


A Python string is a sequence of characters and each character 
can be individually accessed using its index. 


(iii) Lists 
A List in Python represents a group of comma-separated values of any datatype between 
square brackets e.g., following are some lists : 
[1, 2, 3, 4, 5] 
[la'e ‘i’, ‘o,'u'] 
['Neha’, 102, 79.5] 


(iv) Tuples 
Tuples are represented as group of comma-separated values of values of type list are mutable 


any date type within parentheses, ¢.g., following are some tuples : Fae ong Se 
p=(1, 2, 3,4, 5) elements. But the values of type 
q= (2, 4, 6, 8) tuple are ‘immutable i.e. 
-ťa tel ‘i, 'o, U) _non-changable ; one cannot, 
ph LL “make changes to a tuple. 
h=(7, 8, 9,'X,'B,'C) = ~~ $ ee 
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(v) Dictionaries = . p 
The dictionary is an unordered set of comma-separated key : value rany within { I, With the 
requirement that within a dictionary, no two keys can be the Same en ere are uni que keys 
within a dictionary). For instance, following are some dictionaries : ; 


fa 2 2,'e" 32, D358 24, 25} 
>>> vowels = {'a' : 1, 'e': 2, 'i': 3, 'o' : 4, 'u' : 5} 


>>> vowels['‘a’] oe Here ‘a’, 'e’, ‘i’, ʻo’ and ‘u’ are the keys of dictionary vowels; 
1 1, 2, 5, 4, 5 are values for these keys respectively. 


Following figure summarizes the core data types of Python. 


Core Data Types 
Numbers None Sequences Mappings 
l J p 
. j J n 
Integer Floating Complex String Tuple List Dictionary 
| point 
Boolean 


1.7 MUTABLE AND IMMUTABLE TYPES 


The Python data objects can be broadly categorized into two - mutable and immutable types, in 
simple words changeable or modifiable and non-modifiable types. 


Immutable Types 


The immutable types are those that can never change their value in place. In Py 


thon, the following 
types are immutable : integers, floating point numbers, Booleans, strings, tuples, 


In immutable types, the variable names are stored as references to a value-object. Each time 


you change the value, the variable’s reference memory address changes. See following 
explanation for sample code given below : 


P=5 
q=P 
r=5 


© Initially these three statements are executed : 


value reference and the same 


ll all reference same integer 


p=5 

i All variables having same 
qe? ama value object i.e., p, q.r wi 
r=5 
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j 
Each integer | | 
value is an Ne 
immutable 
object ES 

| 


Figure 1.4 
& When the next set of statements execute, i.e., 


p=10 
r=7 
q=r 


then these variable names are made to point to different integer objects. 


Figure 1.5 


Mutable Types 


Mutability means that in the same memory address, new 
value can be stored as and when you want. The types that do 
not support this property are immutable types. 


The mutable types are those whose values can be changed in 
place. Only three types are mutable in Python. 


These are : lists, dictionaries and sets. 
To change a member of a list, you may write : 


Chk = [2, 4, 6] 
Chk[1] = 49 


It will make the list namely Chk as [2, 40, 6]. 


Pees al is prone 


E EG ———— Denai 


Python f ontloads: some | commonly 
used values it a mem memory. SEE Eac 
variable A! referring ee t value 


address i of f the v “val ue. 
variables/identifiers can r refer to a 
iae fem 
value. Internal y Python: keeps 
count of how many i identifiers/ 
Rattan pent 


variables are referring tc toa value. 


i mmutable objects: i ENE ; 
“int, float, complex, string, tuple 
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1.8 EXPRESSIONS 


any valid combination of operators, literals and variables. The 


An expression in Python is ; i 
type : arithmetic expressions, string expressions, relational 


expressions in Python can be of any 
expressions, logical expressions, compound expressions etc. 


Arithmetic expressions involve numbers (integers, floating- 7 _— J 
e, 4 n expressio. A 
point numbers, complex numbers) and arithmetic operators, ad nna is any 
5 5 OF operato 
** _RQ* rs 
eg,2+5™3,-8 6/5 and atoms. An expression iş 


composed of one or More 


An expression having literals and/or variables of any valid 
operations. 


type and relational operators is a relational expression. For 
example, these are valid relational expressions : 

x>y, y<=z, Z!=x, Z==q, xX<yrZ, x == yl=z 
An expression having literals and/or variables of any valid type and logical operators is a 
logical expression. For example, these are valid logical expressions : 3 

aorb, bandc, aandnotb, not cor not b 
Python also provides two string operators + and *, when combined with string operands and 
integers, form string expressions. 
Following are some legal string expressions : 

"and" + “then” # would result into 'andthen’ - concatenation 

"and" *2 # would result into ‘andand' - replication 


1.8.1 Evaluating Arithmetic Operations 


To evaluate an arithmetic expression (with operator and operands), Python follows these rules : 
¢> Determines the order of evaluation in an expression considering the operator precedence. 
¢ As per the evaluation order, for each of the sub-expression (generally in the form of 

<value> <operator><value> e.g., 13 % 3) 

m Evaluate each of its operands or arguments. 

m Performs any implicit conversions (e.g, promoting int to float or bool to int for 
arithmetic on mixed types). For implicit conversion rules of Python, read the text 
given after the rules. 

m Compute its result based on the operator. 


m Replace the subexpression with the computed result and carry on the expression 
evaluation. 


s Repeat till the final result is obtained. 


In a mixed arithmetic expression, Python converts all operands up to the type of the largest 


operand (type promotion). In the simplest form, an expression is like op1 operator op2 (¢.8 
x/y or p ** a). Here, if both arguments are standard numeric types, the following coercions are 
applied : 


© If either argument is a complex number, the other is 


converted to complex ; i i 
An implicit type conversion is a 


© Otherwise, if either argument is a floating point conversion performed by the 
number, the other is converted to floating point ; compiler without programmer's 
intervention. 


& No conversion if both operands are integers, 


Gia 


Chapter 1 : PYTHON REVISION TOUR 


Table operator precedence 


i Operator ae Description S| 
0) Parentheses (grouping) Highest 
+x Exponentiation 
sg Bitwise nor 
+x, -X Positive, negative (unary +, -) 
shalt h Multiplication, division, floor division, remainder 
+,- Addition, subtraction 
& Bitwise AND 
a Bitwise XOR 
Bitwise OR 
<, <=, >, >=, <>, !=, ==, | Comparisons (Relational operators), identity operators 
is, is not 5 
not x Boolean NOT i 
and Boolean AND ; 
or Boolean OR _| Lowest f 


Example 1.1 Consider below given expressions what. What will be the final result and final data type ? 


(a) a, b=3, 6 (b) a, b=3,6 (c) a, b=3,6.0 
c=b/a c=b//a c=b%a 


Ans. (a) In expression 


c = 6/3 p # a 
c=2.0 | | 

int int 

an ee Here, the operator is /, which always 

gives floating pt result 
floating pt 
(b) In expression (c) In expression 

c=6//3 b // a c=6.0%3 b % a 
c=2 | | c=0.0 | | 

int int float int 

int float 


1.8.2 Evaluating Relational Expressions 
All comparison operations in Python have the same priority, which is lower than that of any 
arithmetic operations. All relational expressions (comparisons) yield Boolean values only i.e., 
True or False. 


Further, chained expressions like a< b< c have the interpretation that is conventional in 
mathematics i.e., comparisons in Python are chained arbitrarily, e.g, a<b<c is internally 


treated as a< band b<c 
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. ter} et d by Python ? 
u d l t l } y € 
follow 171 c expr ri 


(pracy (i) a<=N<=b 


Solution. (i) (p>4) and (q< y) 
(ii) (a<=N) and (N <=b) 


1.8.3 Evaluating Logical Expressions 


Á e rules : 
ERY While evaluating logical expressions, Python follows these rules 


bs (i) The precedence of logical operators is lower than the arithmetic operators, so constituent 
panos saimi sub-expression (if any) is evaluated first and then logical operators are 
ny pue applied, e.g., 
25/5 or 2.0 + 20/10 will be first evaluated as : 5or 4.0 
HIP JO} 
pape So, the overall result will be 5. 
SEE (ii) The precedence of logical operators among themselves is not, and, or. So, the expression 
rp a or b and not c will be evaluated as : 
er Similarly, following expression 
imilarly, follov 
{a or fia) FF nd Teer sate evalnated ak! Sapa Ey BP fiery 
panaq 
AIL 
(iii) Important. While evaluating, Python minimizes internal work by following these rules ; 
(a) In or evaluation, Python only evaluates the second argument if the first one is false ma 
(b) In and evaluation, Python only evaluates the second argument if the first one is true ma 
auris | Example 1.3 What will be the output of following expression ? 
, (5 < 10) and (19 < 5) or (3 < 18) and not 8 < 18 
Ee Solution. False 
wexg 
1.8.4 Type Casting (Explicit Type Conversion) 
a) An explicit type conversion is user-defined conversion that forces an expression to be of specific 
Ne lla type. The explicit type conversion is also known as Type Casting. 
Jasa Type casting in Python is performed by <type>() function of appropriate data type, in the 


following manner : 


<datatype> (expression) 


where <datatype> is the data type to which you want to The explicit conversion of an 
type-cast your expression. operand to a specific type is 


For example, if we have (a =3 and b = 5.0), then called type casting. 


int(b) 


will cast the data-type of the expression as int 
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1.8.5 Math Library Functions 


Python's standard library provides a module namely math for math related functions that work 
with all number types except for complex numbers. 


In order to work with functions of math module, you need to first import it to your program by 
giving statement as follows as the top line of your Python script : 
import math 


Then you can use math library’s functions as math.<function-name> . 


Table 1.2 Some Mathematical Functions in math Module 


s. | i se Description 
No. Funaton (General Form) P 


math.log (1024, 2) will give 


negative and a range error occurs logarithm of 1024 to the base 2. 


if the argument num is zero. 


1. | ceil math.ceil(num) The ceil( ) function returns the | math.ceil (1.03) gives 2.0 
| smallest integer not less than num. | math.ceil(-103) gives -10. 

2. | sqrt math.sqrt (num) The sgrt( ) function returns the math.sqrt (81.0) gives 9.0. 
square root of num. If num <0, 
domain error occurs. - 7 E 

3: | exp math.exp(arg) The exp( ) function returns the math.exp (2.0) gives the value 
natural logarithm e raised to the | of e”. 
arg power. 

4. | fabs math.fabs (num) The fabs( ) function returns the | math.fabs(1.0) gives 1.0 : 
absolute value of num. math.fabs(-10) gives 1.0. a, 

5. | floor math.floor (num) The floor( ) function returns the | math.floor(1.03) gives 1.0 aN 
largest integer not greater than | math.floor(—103) gives -20. prem 
num. e 

6. | log math.log (num, [base] ) | The log( ) function returns the | math.log(1.0) gives the natural ie 
natural logarithm for num. A | logarithm for 1.0. A 
domain error occurs if num is E 


7. | logl0 math.log10 (num) 


The log10( ) function returns 
the base 10 logarithm for num. 
A domain error occurs if num is 
negative and a range error 
: occurs if the argument is zero. 


math.log10(1.0) gives base 10 
logarithm for 1.0. 


math.pow (3.0, 0) gives value of 
20 

3". 
math.pow (4.0, 2.0) gives value 
of 47. 


8. | pow math.pow (base, exp) | The pow() function returns base 


raised to exp power i.e,. base exp. 

A domain error occurs if base =0 

and exp <=0 ; also if base <0 and 
exp is not integer. 


E 
E 
2 
| 
| 
| 


9. | sin math.sin(arg) The sin( ) function returns the | math.sin (val) 
sine of arg. The value of arg | (val is a number). 
must be in radians. 

10. | cos math.cos(arg) The cos( ) function returns the 


; math.cos (val) 
cosine of arg. The value of arg | (val is a number). 
must be in radians. 


11. 
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Prototype Description 
(General Form) 


i ath.tan (val) 
The tan( ) function returns the | math 
ee ca of arg. The value of arg | (val is a number) 


must be in radians. 


` 
i 


fmod 


The degrees( ) converts angle x | math.degrees (3.14) would piy 
from radians to degrees. 179.91 Sive 


math.degrees(x) 


The radians( ) converts angle x | math.radians (179.91) wani 
from degrees to radians. give 3.14 


math.radianxx) 


math.fmod(7.4, 3.3) gives 
as 0.8000000000000007 vali 


math.fmod(7.4, 3) gives value 


This function returns the 
modulus resulting from the 


division of x with y. — 
It is little different from x % y as 1.4000000000000004 
math.fmod(-7.4, 3) gives value 


in the sense that it offers more 
precision, and returns the | 25 ~1-4000000000000004 


result with the sign of x (unlike 
x % y, which returns with sign 
of y). 

fmod is preferred for floats, 
because of higher precision 
while x % y is preferred for 
integers. ; 


math.fmod(x, y) 


math.fmod(-8.3, 6) gives value 
as —2.3000000000000007 


math.factorial(4) gives value 
as 24 

math.factorial(6) gives value 
as 720 


This function returns factorial 
of arg as an integer. 

It will raise ValueError if arg is 
not integral or is negative. 


math.factorial(arg) 


factorial 


math.gcd(8, 6) gives value as 2 
math.gcd(28, 20) gives value as 4 


This function returns the 
greatest common divisor of the 
integers x and y. If either x or y 
is nonzero, then 

the value of gcd(x, y) is the 
largest positive integer that 
divides both x and y. 


gced(0, 0) returns 0. 


math.gced(x, y) 


DATA HANDLING 


Progress In Python 1.2 


riP 
This ‘PriP’ session is aimed at revising various concepts you learnt in Class XI 
sm 
E Please check the practical component-book — Progress in Computer 


4 “Science with Python and fill it there in PriP 1.2 under Chapter 1 after 
practically doing it on the computer. 


DD> ecg 
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LET US REVISE 
ne 


‘+ A Python program can contain various components like expressions, statements, comments, functions, blocks and 
indentation. 
* Blocks are represented through indentation. 
Python supports dynamic typing i.e., a variable can hold values of different types at different times. 
The input( ) is used to obtain input from user ; it always returns a string type of value. 
“ Output is generated through print( ) (by calling print function) statement. 
Operators are the symbols (or keywords sometimes) that represent specific operations. 
< An expression is composed of one or more operations. It is a valid combination of operators, literals and variables. 


& Types of operators used in an expression determine its type. For instance, use of arithmetic operators makes it 
arithmetic expression. 


Expressions can be arithmetic, relational or logical, compound etc. 


In implicit conversion, all operands are converted up to the type of the largest operand, which is called type 
promotion or coercion. 


The explicit conversion of an operand to a specific type is called type casting and it is done using type conversion 
functions that is used as <type conversion function > ( <expression>) 


1.9 STATEMENT FLOW CONTROL 


In a program, statements may be executed sequentially, selectively or iteratively. Every 
programming language provides constructs to support sequence, selection or iteration. 


A conditional is a statement set which is executed, on the basis of result of a condition. A loop is 
a statement set which is executed repeatedly, until the end condition is satisfied. 


1. Compound Statement 
A compound statement represents a group of statements executed as a unit. The compound 
statements of Python are written in a specific pattern as shown below : 
<compound statement header > : 
<indented body containing multiple simple and/or compound statements> 
The conditionals and the loops are compound statements, i.e., they contain other statements. 
For all compound statements, following points hold : 


© The contained statements are not written in the same column as the control statement, 
rather they are indented to the right and together they are called a block. 


© The first line of compound statement, i.e., its header contains a colon (:) at the end of it. 
For example : 
num1 = int(input("Enter number1") ) 
num2 = int(input("Enter number1") ) 
if num2 < num : <<—_ The colon (:) at the end of header line 
means it is a compound statement 
t = num2 * num2 
t=t+10 The contained statements within if are 


indented to the right 


print(num2, num1, t) 


4 à 2 
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2. Simple Statement ; 
; tements. Any single executable statement ; 
Compound statements are made of simple sta entisa 


simple statement in Python. 


3. Empty Statement 
The simplest statement is the empty statement 1.2., 
an empty statement is the pass statement. 


a statement which does nothing. In Python 


It takes the following form : 


pass l 
polis Wherever Python encounters a pass statement, Python does nothing and moves to next 
oneulwe : 

hy statement in the flow of control. 
4 NO! 
HAWN T 1.10 THE IF CONDITIONALS 


sour The if conditionals of Python come in multiple forms : plain if conditional, if-else conditional 
and if-elif conditionals. 

swəjqoid 

1.10.1 Plain if Conditional Statement 


'S An if statement tests a particular condition; if the condition evaluates to true, a course-of-action 


HA aMsu is followed i.e, a statement or set-of-statements is executed. If the condition is false, it does 
nothing : 
əs JO} S The syntax (general form) of the if statement is as | 


shown below : 
Test ; False 
Expression 


if <conditional expression> : 
statement 
[statements] | True 


For example, consider the following code fragments |, Body of if 


Ayiqede using if conditionals : 


yA if grade =='A' ; 
oy Se jja print("Congratulations! You did well") 
e anqoa, ifa>b: 
HANA ual print("A has more than B has") 
Wao print("Their difference is", (a-b 
eid » (a-b)) | 
1.10.2 The if-else Conditional Statement Test 


~ Expression ES Body of else - 


This form of if statement tests a condition and if the 
condition evaluates to true, it carries out statements 
indented below if and in case condition evaluates ee 


to false, it carries out statements indented belo 
else. ài 


| Body of if | 
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The syntax (general form) of the if-else statement is as shown below : 


if <conditional expression> : 
statement 
[statements ] 
else: 
statement 
[statements] 


For example, consider the following cod 


ikas 6: See. 


print(a, "is zeroora positive number") 


else: 


e fragments using if-else conditionals : 


The colon ( : ) is in both ; the if 
header as well as else line 

The statements in if-block and else are 
indented 


print(a, "is anegative number") 


1.10.3. The if-elif Conditional Statement 


Sometimes, you want to check a condition when control reaches else, i.e., condition test in 
the form of else if, To serve such conditions, Python provides if-elif and if-elif-else 


statements. 


The general form of these statements is 


if <conditional expression> : 
statement 
[statements] 

elif <conditional expression> : 
statement 


[statements] 


and 


if <conditional expression> : 
statement 
[statements] 
elif <conditional expression> : 
statement 
[statements ] 
else: 
statement 
[statements] 


meere NG E E a we 
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ents : 
Consider following two example code fragm 


if runs >= 100: , 
print("Batsman scored a century ) 


elif runs >=5@: Pee 
print("Batsman scored a fifty") 


else: = 
print ("Batsman has neither scored a century nor fifty") 


if num<@: } 

print(num, “is a negative number.”) 
elif num==@: 

print(num, "is equal to zero.") 
else: 

print(num, "is a positive number.") 


1.3 Write a program that inputs an integer in range 0 - 999 and then prints if the integer entered is a 1/23 


digit number. 


rogram : 
num = int(input("Enter a number (@..999) : ")) 


if num< 9: 
print("Invalid entry. Valid range is @ to 999. ") 
elif num < 10: 
print("Single digit number is entered") 
elif num < 1090: 
print("Two digit number is entered =) 
elif num <= 999; 
print("Three digit number is entered") 
else: 
print("Invalid entry. Valid range is ð to 999. ") 


Sample runs of this program are given below : 


Enter a number (0..999) : -3 

Invalid entry. valid range is 0 to 999, 
SSS SS SSS 
Enter a number (0..999) : 4 

Single digit number is entered 


Three digit number is entered 
Enter a number (0..999) : 10 
Two digit number is entered 


Enter a number (0. -999) : 3000 
Invalid entry. valid range is 0 to 999. 


Chapter 1 : PYTHON REVISION TOUR 


1.10.4 Nested if Statements 
Sometimes you may need to test additional conditions. For such situations, Python also 
supports nested-if form of if. A nested if is an if that has another if in its if’s body or in elif’s 
body or in its else’s body. 
Consider the following example code using nested-if statements : 
x = int(input("Enter first number :")) 
y = int (input ("Enter second number :")) 
z = int (input("Enter third number :")) 


min = mid = max = None 
ifx<yandx<z: 


ify<z: 
min, mid, max = X, Y, Z 
else : 
min, mid, maX = X, Z, y 
if statements inside another if 
elify<xandy<z: (Nested ifs) 
TTX <2 
min, mid, max =y, X, Z 
else : 
min, mid, max =Y, Z, X 
else : 
ifx<y: 
min, mid, max = Z, X, Yy 
else: 
min, mid, max = Z, y, X 


print("Numbers in ascending order :", min, mid, max) 


1.10.5 Storing Conditions 


Sometimes the conditions being used in code are complex and repetitive. In such cases to make 


your program more readable, you can use named conditions i.e., you can store conditions in a 
name and then use that named conditional in the if statements. 


Consider the following example code : 


#Store condition in a name called all. 


all = a==1andb==2andc==3 4 y s 
i this conditton ts given 
#Test variable. A 


name as all, Using Named or Stored 

ifall: conditionals reduces repetition. 
print("Condition fulfilled") It may also improve processing 
#Use it again. speed: fewer comparisons are 


if all: pdonej Segane ji ore 
print("Condition fulfilled again.") 
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d if ite p P pvious pro ram as follows : 
i i statements we Call rewrite the revi 5 
Usir g neste: z 4 


1 eger in range 0- 999 and hen prin sif the i ite 3 . i 

m that inputs an int g i S t ints 1 integer entered i I 

i 4 Write a progra 5 Sa 1 
digit number. Use Nested if statements. 273 


num = int(input("Enter a number (8. 999) : ")) 


if num < @ or num > 999: . 
print(“Invalid entry. Valid range is @ to 999. ) 


else: 


if num< 10: ; 
print("Single digit number is entered") 


else: 
if num < 100: ; 
print("Two digit number is entered") 


else: ; 
print("Three digit number is entered") 


The sample run of this program is just the same as previous program. 


1.11 LOOPING STATEMENTS 


Python provides two kinds of loops : for loop and while loop to represent counting loop and 
conditional loop respectively. 


1.11.1 The for Loop 


The for loop of Python is designed to process the items of any sequence, such as a list or a string, 
one by one. 


The General Form of for loop 


The general form of for loop is as given below : 


for <variable> in <sequence> : 
statements_to_repeat 


For example, consider the following loop : 


for element in [10, 15, 20, 25]: 
print(element +2, end=' ') 


The above loop would give output as : 
12 17 22 27 


© The above-given for loop executes a se 
given sequence [10, 15, 20, 25]. 


lastly 25, 
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The range( ) based for loop 


For number based lists, you can specify range( ) function to represent a list as in : 


In the above loop, range(3, 18) will first generate a list [3, 4, 5,..-, 16, 17] with which for loop will 
work. You need not define loop variable (val above) beforehand in a for loop. 


As mentioned, a range() produces an integer number sequence. There are three ways to define a 


range : 
range(stop) #elements from ® to stop-1, incrementing by 1 
range(start, stop) #elements from start to stop-1, incrementing by 1 
range(start, stop, step) #elements from start to stop-1, incrementing by step 


Consider some examples of range() as given below : 


For example, the next program shows the cube of the numbers from 15 to 20: 


1.5 Write a program to print cubes of numbers in the range 15 to 20. 
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for val in range(3, 18) : 
print(val) 


© The start value is always part of the range. The stop value is never part of the range. The 
step shows the difference between two consecutive values in the range. 


© If start value is omitted, it supposed to be 0. If the step is omitted, it is supposed to be 1. 


range(7) @,1, 2, 3,4,5,6 
range(5, 12) 5,6, 7, 8,9, 10, 11 
range(5, 13, 2) 5,7,9,11 
range(1®, 4) no value 

range(10, 4, -1) 10,9, 8,7,6,5 


for iinrange(15, 21): 


rogram u 
print("Cube of number", i, end=' ') 
print("is", i ** 3) 
Cube of number 15 is 3375 
Cube of number 16 is 4096 
Cube of number 17 is 4913 
Cube of number 18 is 5832 
Cube of number 19 is 6859 
Cube of number 20 is 8000 
1.6 Write a program to print square root of every alternate number in the range 1 to 10. 
rogram for iinrange(1, 10, 2): 


print("square root of", i, "is", (i ** @.5)) 
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1.11.2 The while Loop 


A while loop is a conditional loo 
conditional remains true (Boolean 


The general form of Python while loop is : 


that will repeat the instructions within itself a 
p 


S lon gas 
True or truth value true). 


while <logicalExpression> : 
loop-body 


the loop-body may contain a single statement or multiple Statements or 
ieies íi e., pass statement). The loop iterates while the logical Expression ev 


true. When the expression becomes false, the program control passes to the line after the 
(133N) TV: loop-body, 


SUONEuUIWE 


aluates to 


td 3714 NO 
DIMSNNN T 


1.7 Write a program that multiplies two integer numbers without using the * Operator, using repeated 
addition, 


as apie n1 = int(input("Enter first number 9. 
avuy n2 = int(input("Enter second number :")) 
e swəajqoq product = 0 
count =n1 
“g while count>@: 
count = count - 1 
ee Product = product +n2 
b jas IOS print("The product of", n1, "and", n2, "is", product) 


Enter first number ; 4 
Enter second number : 5 
The product of 4 and 5 is 20 


In general, the while loop is used when it is not possi i 
sible t 7 in advance | man 
o Ayiqede times'the loop will be pea possible to know in advance how y 


but the termination condition is known. The while loop is 
an entry-controlled loop as j 


t has a control over entry i 
Sa condition. y in the lo 


P JO} SE {2 


ee care 1.12 JUMP STATEMENTS — break AND continue 


bd Aaa ud Python offers two 
TyF 


jump statements — þ 7 -_ l 
of loop-iterations. reak and continue — to be used within loops to jump out 
MON “T 
The break Statement 


A break Stateme; 


nt terminates the y = nA 
Execution resume 


e oor Pn 7 
S at the statement oe lies Within. A break statement skips the rest 
body of the terminated statement, y ollowing the of the loop and jumps over to 


the statement following p 
loop, 


“4s 2 
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| while <test-condition> : for <var> in <sequence> : | 

r A i i 

he following figure | i 

Ai 1.6) ex Toe | statement 4 statement 1 

say i | : if <condition> : i 

working of a break | if <condition> : 
statement. break = break 


statement 2 statement 2 


The following code | 
fragment gives you an , 
example of a break | statement 4 ~—(Gop ™: statement 4 Teo? 
statement : 


statement 3 statement 3 & 


Figure 1.6 The working of a break statement. 
a=b=c=6 


for i in range(1, 11) : <—————-. rang (1. 11) will generate a sequence 
a = int(input (“Enter number 1 :")) of numbers from 1 .. 10. 
b=int(input ("Enter number 2 ey) 
ifb==0: 
print("Division by zero error! Aborting!") 
break 
else: 
c=a/b 
print("Quotient =", c) 
print("Program over !") 


The above code fragment intends to divide ten pairs of numbers by inputting two numbers a 
and b in each iteration. If the number b is zero, the loop is immediately terminated displaying 


message ‘Division by zero error! Aborting!’ otherwise the numbers are repeatedly input and 
their quotients are displayed. 


The continue Statement 


Unlike break statement, the continue statement forces the 


f . «2% : The continue statement skips 
next iteration of the loop to take place, skipping any code in ihe rest at thie loop papah 
between. and causes the next iteration of 
The following figure (Fig. 1.7) explains the working of continue the loop to take place. 
statement : 


while <test-condition> : ~<. 


rest of the statements for <var> in <sequence> : 
statement 1 in the current iteration 


Seartand statement 1 
if <condition> : TET ETERS i 


iteration begin if <condition> : 
continue 


continue 
statement 2 statement 2 
Statement 3 statement 3 


he 
ae 4 Nw statement 4 
| In above loops, continue will cause skipping of statements 2 & 3 
L in the current iteration and next iteration will start 


Figure 1.7 The working of a continue statement. 
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OPS ie bu 
Ludi TOSAR things you need to know about loops - the loop else clause and nested loops, 
There are two more things y 


tatement i 
gs ss tional else clause. Complete syntax ot Python loops along With else 
Python loops have an optio s 
clause is as given below : 


ondition> : 
for <variable> in <sequence> : while <test c 


tatement1 statement1 
eme 
aes statement2 
BAN) TY : 
oe i else: else 
nea statement(s) statement(s) 
SONS The else clause of a Python loop executes when the loop terminates normally, je, when 
ANORG test-condition results into false for a while loop or for loop has executed for the last value in the 
oü sequence; not when the break statement terminates the loop. 
aguy . 
wəjqoud Following figure (1.8) shows you control flow in Python loops. 
for <element> in <sequence> |Done i alse 
next element Loop else Loop else 
suite ı súitey 
1 


ttenni 


TE = | E 
| Statement : statement statement 
f Í } | 
ee sates | ece] | e | 
4 [i 
„7 | statement | Statement | Body-of--]- - ~ “| enone | statenent 2 | | 
Boece ai f H ti : | the-loop | : | | : | 
tg gbatesenti |] |_ Statement } Suite | statement | | statement l 
Wungede 
i t r 
sqa Mne PNR -{ 3 ie. Statements _»J Statement 
b} SB jja e loop statement outside the loop ete am 
b Sana Figure 1.8 Control flow in Python loops. 
Asaa ud Consider following example : 
sais forain range (1, 4): 
ifa%8 == 
JM break 
print("Element is", end=' ny 
print(a) 
else: 


print("Ending loop after Printing al] elements of seque 
nce 


Fa 
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The above will give the following output : 
This line is printed because the else 
Element is 1 clause of given for loop €: xecuted when 
Element is 2 the for loop was terminating normally. 


Element is 3 
Ending loop after printing all clenents of sequence. 


If, in above code, you change the line 


ifa%8== 
with 
ifa%2=-0: the loop is, terminating g because] 
ofa , break statement. or nee 


Then the output will be : 


Element is 1 #————___________ 

Notice that for a = 2, the break got executed and loop 
terminated. Hence just one element got printed’ (fora = 1). 
As break terminated the loop, the else clause also did 


The else clause works identically in while ene i 
not execute, so no line after the printing of elements 


loop, i.e., executes if the test-condition goes 


false and in case of break statement, the 


1.43. 


ri 


loop-else clause is not executed. 


2 Nested Loops 
A loop may contain another loop in its body. This form of a loop is called nested loop. But in a 


nested loop, the inner loop must terminate before the outer loop. 


The following is an example of a nested loop : 


for iinrange(1, 6) : 
for j in range (1,1): 
print("*", end=' ') 
print( ) 


In nested loops, a break statement will terminate the very loop it appears in. That is, if break 
statement is inside the inner loop then only the inner loop will terminate and outer loop will 
continue. If however, the break statement is in outer loop, the outer loop will terminate. 


CONTROL FLOW STATEMENTS 


Progress In Python 1.3 


ae pe PERO ae . 
This ‘PriP’ session is aimed at revising various concepts you learnt in Class XI 


a 

f> Please check the practical component-book — Progress in Computer re, 

Ke Science with Python and fill it there in PriP 1.3 under Chanter iaten © à 
ca practically doing it on the computer. a 


>>>% <<< 
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LET US REVISE 
ev 


r ind of action. 
ions given to the computer to perform any k f 


ingle statement and com 
e of these types : Empty statement, sing'e poing Statement, 
can be on on ted as a unit. 
<- Python statements of statements execute 
epresents a group : 

¿+ A compound statement rep f Python has a header and an indented body below the header, Some exa 
A: mpound statement O ; ile statement etc. 

ial ents are : functions, if statement, while Faa 

compound statem: many forms - if-else and if..elif..else. 


i ion statement if in f , 
Kaap to be performed repeatedly are iteration statements, 


instructions 
SA ts that allow a set of ins i l ne 3 
The statemeni for and while. The for loop is a counting loop and while is q Conditiona 


$ Statements are th 


mples of 


aN) Tv & Python provides two looping constructs — 
DJEUILWE loop. hile loop is an entry-controlled loop as it has a control over entry in the loop in the form of test Condition, 
“+ The while loop is an Í f 
of a loop is executed in the end of the loop onl 
Fila NO s+. Loops in Python can have else clause too. The else clause of p ly when 
AWAN 1 loop terminates normally. 


The break statement can terminate a loop immediately and the control passes over to the statement following the 


ean statement containing break. l 
Luogo ‘+ In nested loops, a break statement terminates the very loop it appears in. 
* The continue statement abandons the current iteration of the loop by skipping over the rest of the statements in the 
loop-body, It immediately transfers control to the beginning of the next iteration of the loop. 


iL JAMS 


bjective Type Questions 
ee O OTQs5 


Multiple Choice Questions 
1. Which of the following is an invalid variable ? 


(a) my_day_2 (b) 2nd_day (c) Day_two (d) _2 
2. Which of the following is not a keyword ? 
iiqede (a) eval (b) assert (c) nonlocal (d) pass 
3. Which of the following cannot be a variable ? 
"Se (a) _init_ (b) in (c) it (d) on 
SP |9. 4. Which of these is not a core data type ? 
(a) Lists (b) Dictionary (c) Tuples (d) Class 
aaljoa 5. How would y ite x} i : 
bse) (b) xy (c) xy (d) none of these 
N° 6. What will be the value of the expression ? 
: 14 +13%15 
te (a) 14 b 
(b) 27 
7. Evaluate the expressio 4 F sian (4) 0 
n given below if 4=16 and B=15, 
ASB//A 


(a) 0.0 () 0 


(d) 1 
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8. What is the value of x ? 
x = int(13.25 + 4/2) 


(a) 17 (b) 14 (c) 15 (d) 23 
9. The expression 8/4/2 will evaluate equivalent to which of the following expressions : 
(a) 8/(4/2) (b) (8/4)/2 


10. Which among the following list of operators has the highest precedence ? 


+, 75 lt hy ls <<, >>, | 


(a) <<, >> (b) ** (c) | (d) % 
11. Which of the following expressions results in an error ? 
(a) float(‘12’) (b) int(‘12’) (c) float(12.5’) (d) int(‘12.5') 


12. Which of the following statement prints the shown output below ? 


hello\example\test.txt 


(a) print(“hello\ example \test.txt”) (b) print(“hello\ \example\ \test.txt”) 
(c) print(“hello\”example\"test.txt”) (d) print(“hello” \example” \ test.txt”) 
13. Which value type does input( ) return ? 
(a) Boolean (b) String (c) Int (d) Float 
14. Which two operators can be used on numeric values in Python ? 
(a) @ (b) % (c) + (d) # 
15. Which of the following four code fragments will yield following output ? 
Eina 
Mina 
Dika 


Select all of the function calls that result in this output 
(a) print('''Eina 
\nMina 
\nDika''') 


(b) print('''EinaMinaDika''') 
(c) print('Eina\nMina\nDika’' ) 
(d) print('Eina 
Mina 
Dika') 
16. Which of the following is valid arithmetic operator in Python : 
(a) // (b) 2 () < 
Fill in the Blanks 


1. The smallest individual unit in a program is known as a 


(d) and 


2. A token is also called a 


3. A is a word having special meaning and role as specified by programming language. 


4. The data types whose values cannot be changed in place are called types 


pua au) 
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f a value’s data type is done automatically ‘ 
Y the 


on o 


il nversi 
ae tion, it is called — - 


rven 


. In a Python expressio 
o a specific type is called 


compiler without prog 
nversion of an operand t 
statement in Python. 

and jumps over to the statement following the log 


rammer’s inte! 


6. The explicit co 
7. The statement is an empty 
8. A statement skips the rest of the loop 
9 


t skips the rest of the loop statements and causes the next iteration of thel 
men É 


. The state 
to take place. 


10. Python's 


cannot be used as variable name. 


True/False Questions 


1. The expression int(x) implies that the vari 
3*(2-1)) and 4/3*(2-1) is the same. 


and 4/3*(4-2) is the same. 


able x is converted to integer. ` 


2. The value of the expressions 4/( 
3. The value of the expressions 4/(3*(4-2)) 
4 
5 


. The expression 2**2**3 is evaluated as: (2**2)**3. 
A string can be surrounded by three sets of single quotation marks or by three sets of dont 


quotation marks. 
. Variables can be assigned only once. 


6 
7. In Python, a variable is a placeholder for data. 
8. In Python, only if statement has else clause. 

9 


. Python loops can also have else clause. 
10. In a nested loop, a break statement terminates all the nested loops in one go. 


NOTE : Answers for OTQs are given at the end of the book. 


Solved Problems 


1. What is the difference between a keyword and an identifier ? 
Solution. Keyword is a special word that has a special meaning and purpose. Keywords are reserved 
and are a few. For example, if, elif, else etc. are keywords. 
Identifier i Se . 
sei is the user-defined name given to a part of a program viz. variable, object, function etc. 
s are not reserved. These are defined by the user but they can have letters, digits and a 


symbol underscore They must be in with eith T etter o. ‘ore. For instance, CHK, 
§ era 
l tter r undersc rı 


2. What are literals in Python ? How many types of literals are allowe 
. . i 
Solution. Literals mean constants ie., th 


run. Python allows five types of literals 
(i) String literals 


d in Python ? 
edat items that never change their value during a program 
(ii) Numeric literals 


i (iv) Special Lite 
(v) Literal Collections like tuples, lists etc toe 


(iii) Boolean literals 


Chapter |: PYTHON REVISION TOUR 33 


N 


Write the type of tokens from the following : (i) if (ii) roll_no [CBSE Sample Paper 2019-20] 
Solution. (i) Keyword (ii) Identifier 
How many ways are there in Python to represent an integer literal ? 
Solution. Python allows three types of integer literals : 
(a) Decimal (base 10) integer literals (b) Octal (base 8) integer literals 
(c) Hexadecimal (base 16) integer literals 


(a) Decimal Integer Literals. An integer literal consisting of a sequence of digits is taken to be 
decimal integer literal unless it begins with 0 (digit zero). 


For instance, 1234, 41, +97, -17 are decimal integer literals. 


(b) Octal Integer Literals. A sequence of digits starting with 0 (digit zero) is taken to be an octal 
integer. For instance, decimal integer 8 will be written as 010 as octal integer. (810 =10,) and decimal 
integer 12 will be written as 014 as octal integer (1219 =14g} 


(c) Hexadecimal Integer Literals. A sequence of digits preceded by 0x or 0X is taken to be an 
hexadecimal integer. For instance, decimal 12 will be written as OXC as hexadecimal integer. 


Thus number 12 will be written either as 12 (as decimal), 014 (as octal) and OXC (as hexadecimal). 
How many types of strings are supported in Python ? 
Solution. Python allows two string types : 

(i) Single line Strings Strings that are terminated in single line 

(ii) Multiline Strings Strings storing multiple lines of text. 
What is None literal in Python ? 
Solution. Python has one special literal called None. 
The None literal is used to indicate something that has not yet been created. It is a legal empty 
value in Python. 
The following code is not giving desired output. We want to input value as 20 and obtain output as 40. Could 
you pinpoint the problem ? 

Number = input( "Enter Number" ) 

DoubleTheNumber = Number * 2 

Print (DoubleTheNumber ) 


Solution. The problem is that input( ) returns value as a string, so the input value 20 is returned as 
string ‘20’ and not as integer 20. So the output is 2020 in place of required output 40. 


Also Print is not legal statement of Python ; it should be print. 
Why is following code giving errors ? 
name = "Rehman" 
print("Greetings !!!") 
print("Hello", name) 
print (“How do you do ?”) 


Solution. The problem with above code is inconsistent indentation. In Python, we cannot indent a 
statement unless it is inside a suite and we can indent only as much as required. 
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Thus, corrected code will be : 
name = "Rehman" = 
print ("Greetings 111") 
print ("Hello", name) l 
P ?" 
rint ("How do you do : 
i thon’s built-in core data types ? 
s. So to represent various types of real-life q, 
handle these, which are known as data types 


What are data types ? What are Py . 
Solution. The real life data is of ae shar oe 
programming languages provide ways and fa 
ilt-i J belong to : 
Python’s built-in core data types 
‘ © Numbers (integer, floating-point, complex numbers, Booleans) 


© String 
© List 
® Tuple 
Dictionary 
10. Which data types of Python handle Numbers ? 
Solution. Python provides following data types of handle numbers (version 3.x) : 
(ii) Long integers 


(i) Plain integers 
(iv) Floating-point numbers 


(iii) Boolean 


pue oq 
(v) Complex numbers 
S8sse 11. Why is Boolean considered a subtype of integers ? 
Solution. Boolean values True and False internally map to integers 1 and 0. That is, internally 
True is considered equal to 1 and False as equal to 0 (zero). When 1 and 0 are converted to 
Boolean through bool( ) function, they return True and False. That is why Booleans are treated as 
a subtype of integers. 
12. What is the role of comments and indentation in a program ? 
au} 40 Solution. Comments provide explanatory notes to the readers of the program. Compiler or 
interpreter ignores the comments but they are useful for specifying additional descriptive 
information regarding the code and logic of the program. 
by} 12 Indentation makes the program more readable and presentable. Its main role is to highlight nesting 
of groups of control sta tements, ` 
13. is ere 
eee re a reli ? What is the significance of an empty statement ? 
Olution. A stat i i i iv i 
ejndd ANEI sat a 's an instruction given to the computer to perform any kind of action. 
atemen in situati 
ayed ae ia ntis useful in situations where the code requires a statement but logic does not. To 
iyjag nese two requirements simultaneously, i 
Python óffers passist Y, empty statement is used. 
asa 14. if S pass statement as an empty statement, 
: you are asked to label the Python loops $ 
} as determi š , ne t0 
hore which loop ? Justify your answer ps as determinable or non-determinable, which label would you gir 
Solution. The ‘for loop’ 
es P can be labelled i . be 
k \ determined beforehand as the size of the se deterntiitóble loop as number of its iterations C4" 
EN The ‘while loop’ can be labelled as non-d at Penalty upan: be 
2 OPR i n-det i š ‘ 
determined beforehand. Its iterations d K pemaligasd loop, as its number of iterations cannot 


determined beforehand. epend upon the result of a test-condition, which cannot 


ate 
ana 
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15. There are two types of else clauses in Python. What are these two types of else clauses ? 


Solution. The two types of Python else clauses are : 


(a) else in an if statement 


The else clause of an if statement is executed when the conditi 


(b) else in a loop statement 


on of the if statement results into false. 


The else clause of a loop is executed when the loop is terminating normally i.e., oe 
test-condition has gone false for a while loop or when the for loop has executed for the last value 


in sequence. 


16. What do you understand by the term Iteration ? 


[CBSE Sample Paper 2019-20] 


Solution. Iteration refers to repetition of a set of statements for a sequence of values or as long as a 


condition is true. 


17. Rewrite the following code in python after removing all syntax error(s). 


Underline each correction done in the code. 


30 = TO 
for K in range(0, To) 
IF k%4 == 
print (K * 4) 
Else: 
print (K +3). 
Solution. 
To = 30 
for K in range(0,To)_: 
if k%4 == 0: 
print (K * 4) 
a ELSE 


print (K +3) 


and seconds it contains. 


Solution 


# variable name should be on LHS 
# : was missing 
# itshouldbeinlower case 


# else should be in lower case 


#get the number of seconds from the user 
numseconds = input("Enter number of seconds") 
numseconds_int = int(numseconds) 


# extract the number of minutes using integer division 
numminutes = numseconds_int//60 


[CBSE Sample Paper 2019-20] 


Write a program that asks the user to input number of seconds and then expresses it in terms of many minutes 


# extract the number of seconds remaining since the last minute using the modulo 
remainingseconds = numseconds_int % 60 


print(‘minutes:', numminutes) 
print(‘seconds:', remainingseconds) 


19. 


should print the sum of all numbers entered. 


Solution. 


total =0 


#Unknown Number of Numbers to Sum 


Write a program that repeatedly asks from users some numbers until string ‘done’ is typed. The program 


ii 


| gezecerses: 
Ea 


Jayo g 
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s = input(‘Enter a number or “done”: ") 


while s !=‘done' : 


num = int(s) 
total = total + num 
s = input (‘Enter a number or "done": ‘) 


print (‘The sum of entered numbers is’, total) 


20. Write a program to print a square multiplication table 


Solution. 


as shown below : 


1 2 3 4 z 6 7 8 9 

2 4 6 8 10 12 14 16 18 
3 6 9 12 15 18 21 24 27 
4 8 12 16 20 24 28 32 36 
5 10 15 20 25 30 35 40 45 
6 12 18 24 30 36 42 48 54 
7 14 21 28 35 42 49 56 63 
8 16 24 32 40 48 56 64 72 
9 18 27 36 45 54 63 72 81 


for row in range(1, 10): 
for col in range(1, 10): 
prod = row * col 


if prod < 10: 
print(' ', prod,' ', end=' ') 


else: 


#This adds a space if the number is single digit 


print(prod,'', end=' ') 


print( ) 


GLOSSARY 
EL, 


Block 
Coercion 
Constant 
Explicit Type Conversion 
Empty statement 
Identifier 
Implicit Type Conversion 
Keyword 
lexical Unit 
Literal 
Operator 
Token 
Type Casting 
Vorioble 


A group of consecutive statements having same indentation level. 
Implicit Type Conversion. 
A data item that never changes its value during a program run. 
Forced data type conversion by the user 
A statement thet appears in the code but does nothing. 
Name given by user for a part of the program 
Automatic Internal Conversion of data type {lower to higher type) by Python 
Reserved word having special meaning and purpose 
Other name of token 
Constent. 
Symbel/word that triggers an action or operation. 
| 


+ 

z molest i š 

The smallest indanduol uns in o crogram 
T. 


; 
Named stored thc. z = 
ore locaton whose valua con be manipulated during progrom run 

ulated during program run. 
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Assignments 


Type 


1 
2. 
3. 
4 


A : Short Answer Questions/Conceptual Questions 


_ What are tokens in Python ? How many types of tokens are allowed in Python ? Exemplify your answer. 


. How are keywords different from identifiers ? 


What are literals in Python ? How many types of literals are allowed in Python ? 


. Can nongraphic characters be used and processed in Python ? How ? Give examples to support your 


answer. 
Out of the following, find those identifiers, which cannot be used for naming Variables or Functions ina 
Python program : [CBSE D 2016] 
Price*Qty, class, For, do, 
4thCol, totally, Row31, _Amount 
How are floating constants represented in Python ? Give examples to support your answer. 
How are string-literals represented and implemented in Python ? 
What are operators ? What is their function ? Give examples of some unary and binary operators. 
What is an expression and a statement ? 
What all components can a Python program contain ? 
What are variables ? How are they important for a program ? 
Describe the concepts of block and body. What is indentation and how is it related to block and body ? 


What are data types ? How are they important ? 


. How many integer types are supported by Python ? Name them. 


What are immutable and mutable types ? List immutable and mutable types of Python. 


. What is the difference between implicit type conversion and explicit type conversion ? 


An immutable data type is one that cannot change after being created. Give three reasons to use 
immutable data. 


What is entry controlled loop ? Which loop is entry controlled loop in Python ? 
Explain the use of the pass statement. Illustrate it with an example. 


Below are seven segments of code, each with a part coloured. Indicate the data type of each coloured 
part by choosing the correct type of data from the following type. 


(a) int {b)float (c) bool (d)str (e) function (f list of int (g) list of str 
(i) if temp < 32: ( if n%2 
v) ifn ==@: 


print ("Freezing") x 
print("Freezing") 


(ii) L=[‘Hiya’, ‘Zoya’, ‘Preet’ ] 


print(L[1}) (vi) L=ainputline.split( ) Qe 
ji = i l= E 
(iii) M=[ J catia ba C) it converts the read 
for i in range (3) : print(L) line into words 
M. append(i) L=L[1:] 
print(M) 2 
| l (vii) L=['Hiya’, ‘Zoya’, 'Preetť ] 
(iv) L= [{'Hiya', ‘Zoya’, ‘Preet’ ] print(L[@]+L{[1] ) 
n= len (L) 


if ‘Donald inL[{1:n]: 
print(L) 


Type B : Application Based Questions 
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1. Fill in the missing lines of code in the following code. The code reads in a limit amount and a list of 
prices and prints the largest price that is less than the limit. You can assume that all prices and the limit 
are positive numbers. When a price 0 is entered the program terminates and prints the largest price that 


is less than the limit. 
#Read the limit 


limit = float(input("Enter the limit") ) 


max_price = @ 
# Read the next price 


next_price = float(input("Enter a price or @ to stop:")) 


while next_price >@: 
<write your code here> 
#Read the next price 
<write your code here> 


if max_price > @: 
<write your code here> 


else : 
<write your code here> 


2. Predict the outputs of the following programs : 


(a) count =@ 
while count < 10: 
print (‘Hello’) 
count += 1 


(b) x=108 
y=0 
while x >y: 
print(x, y) 
x=x-1 
y=y+1 


(c) keepgoing = True 
x = 100 
while keepgoing: 
print(x) 
x=x-10 
ifx< 50: 
keepgoing = False 


(d) x=45 
while x < 50: 
print(x) 


(e)  forxin[1,2,3,4,5]: 
print(x) 


(h) 


(i) 


() 


(k) 


for p inrange(1,1@): 
print(p) 


for z in range(-500,500,10@): 
print(z) 


x=10 

y=5 

for i inrange(x - y * 2): 
print("%", i) 


c=0 
for x in range(1@): 
for y in range(5): 
ct=1 
print(c) 


x= [1,2,3] 
counter =@ 
while counter < len(x): 
print(x[counter] *'%) 
foryinx: 
print(y *'* ') 
counter += 1 


for x in'lamp': 
print(str.upper(x)) 
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(2) x ='one’ (n) x='apple, pear, peach, grapefruit’ 
y ='two' y=x.split(’,' 
counter =@ forziny: 
while counter < len(x): if z<'n: 
print(x[counter], y[counter]) print(str.lower(z)) 
counter +=1 else: 
print(str.upper(z)) 


(m) x= "apple, pear, peach" 
y =x.split(", ") 
forziny: 

print(z) 


3. Find and write the output of the following python code : {CBSE D 2015] 


for Name in ['Jayes', 'Ramya', 'Taruna', 'Suraj'] : 
print (Name) 
if Name[@] == 'T' : 
break 
else : 
print ('Finished!') 
print ('Got it!') 


4. How many times will the following for loop execute and what's the output ? 


(i) for iinrange(-1,7, -2): (if) for iin range(1,3,1): 
for j inrange (3): for j in range(i+1): 
print(1, j) print(’*) 
5. Is the loop in the code below infinite ? How do you know (for sure) before you run it ? 
m=3 
n=5 
whilen< 10: 
m=n-1 
n=2*n-m 


print(n, m) 


Type C : Programming Practice/Knowledge based Questions 
1. Write a program to print one of the words negative, zero, or positive, according to whether variable x is 
less than zero, zero, or greater than zero, respectively. 
Write a program that returns True if the input number is an even number, False otherwise. 
Write a Python program that calculates and prints the number of seconds in a year. 


Write a Python program that accepts two integers from the user and prints a message saying if first 
number is divisible by second number or if it is not. 


uw 


Write a program that asks the user the day number in a year in the range 2 to 365 and asks the first day 


of the year - Sunday or Monday or Tuesday etc. Then the program should display the day on the 
day-number that has been input. 


10. 
11. 


. One foot equals 12 inches. Write a function that accepts a len 
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gth written in feet as an argument and 
returns this length written in inches. Write a second function that asks the user for a number of feet and 
returns this value. Write a third function that accepts a number of inches and displays this to the screen, 


Use these three functions to write a program that asks the u 
corresponding number of inches. 


ser for a number of feet and tells them the 


. Write a program that reads an integer N from the keyboard computes and displays the sum of the 


numbers from N to (2 * N) if N is nonnegative. If N is a negative number, then it’s the sum of the 
numbers from (2 * N) to N. The starting and ending points are included in the sum. 


. Write a program that reads a date as an integer in the format MMDDYYYY. The program will call a 


function that prints print out the date in the format <Month Name> <day>, <year>. 


Sample mun : 


Enter date : 12252019 
December 25, 2019 


Write a program that prints a table on two columns — table that helps converting miles into kilometres. 
Write another program printing a table with two columns that helps convert pounds in kilograms. 
Write a program that reads two times in military format (0900, 1730) and prints the number of hours 
and minutes between the two times. 

A sample run is being given below : 


Please enter the first time : 0900 
Please enter the second time : 1730 
8 hours 30 minutes 
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2.1 Introduction 

2.2 Strings in Python 

2.3 Lists in Python 

2.4 Tuples in Python 

2.5 Dictionaries in Python 


2.8 Sorting Techniques 


2.1 INTRODUCTION 


The purpose of Revision Tour chapters is to brush up all the concepts you have learnt in class XI. 
The previous chapter — Python Revision Tour I — covered basic concepts like : Python basics, 
Data handling, and control flow statements. This chapter is going to help you recall and brush 
up concepts like Strings, Lists, Tuples and Dictionaries. 


2.2 STRINGS IN PYTHON 


Strings in Python are stored as individual characters in contiguous locations, with two-way 
index for each location. Consider following figure (Fig. 2.1). 

| name{0] ="P* = name[-6] | 

3 4 5 | namelt} = "Y= namef-5} | 

H ON s] namel2|="T = namef-4] | 


« 


bari $ Dera 
-6 -5 -4 -3 -2 -1 Backward indexing) ‘| =e H mnane a] | 
| name[4] =` = namef{-2) | 
| name{5] = `N` = name{-1] | 


Figure 2.1 Structure of a Python String. 


A 


COMPUTER SCIENCE wity PYTH 
~X 


g. 2.1 you can infer that : 


i i character separately j; y 
From Fi shon are stored by storing each P y m contiguo, 
-nøs in Python 
© Strings 1n Py bake. 
locations. o-way indices : 


: iven tw 
the strings are &! , 
© The characters of forward direction and 


_ size-1 in the 
u 0, 1,2, + § kward direction. 


ize in the bac 
-1, -2, -3, +.» "sizé M , , 
a -1, aac <stringname>[<index>] E8», to access the first character 7 
Thus, you can access any char ame[0], because the index of first character isO. Yo 

* Toy 


; in Fig. 2.1, you'll write name si ae 
oe ete A above example ie, when string name is storing “PYTHOy», 
may also write 


. ing function len(<string>), i.e., to ; 
Length of string variable can be determined ed determine 
length of above shown string name, you may : 


Joy 


bua ƏY} len(name) 


which will give you 6, indicating that string name stores six characters. 


any 2.2.1 Item Assignment not Supported E 
One important thing about Python strings is that you cannot change the individual letters of 
string by assignment because strings are immutable and hence item assignment is not 
6 supported, i.e., 


name ='hello' 
pue yug name[@] ='p' ` 


will cause an error like : 


Traceback (most recent call last): 
File "<pyshell#3>", line 1, in <module> 
name[@] ='p' 
sjua TypeError: ‘str’ object does not support item assignment 


2.2.2 Traversing a String 


Traversing refers to iterating through the elements of a string, 


one character at a time. 
To traverse through a string, you can write a loop like : 


Burajog K 
bu Bu code = "Powerful" 
Burd for ch in code : 


print(ch, w, end=' ') 


a The above code will print : 


PR Be T Pegi] 


2.2.3 String Operators 


In this section you'll b work w b 
i y e learnin to i i saa 
strings in multiple ways. & ork with Various Operators that can be used tom ee 
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1. String Concatenation Operator + 


The + operator creates a new string by joining the two operand strings, ¢.g-, 
"power" + “Ful” 


will result into 
‘powerful! 


Caution: 


The + operator has to have both operands of the same type either of number types (for addition) 
or of string types (for concatenation). It cannot work with one operand as string and one as a 


number. 


2. String Replication Operator * 


To use a * operator with strings, you need two types of operands ~a string and a number, i.e., aS 
number * string or string * number, where string operand tells the string to be replicated and 
number operand tells the number of times, it is to be repeated; Python will create a new string 
that is a number of repetitions of the string operand. 
For example, 

3 * "Ha!" 
will return 


‘Ha!Ha!Ha!" 


: Caution | : 
: The * operator has to either have both operands of the number types (for multiplication) or one : 
: string type and one number type (for replication). It cannot work with both operands of string q 


3. Membership Operators 


There are two membership operators for strings (in fact, for all sequence types). These are in and 
not in. 


in returns True if a character or a substring exists in the given string ; False otherwise 


not in returns True if a character or a substring does not exist in the given string ; False otherwise 
Both membership operators (when used with strings), require that both operands used with 
them are of string type, i.e., 

<string> in <string> 

<string> not in <string> 


Now, let’s have a look at some examples : 
>>> "a" in "heya" 
True 
>>> "jap" in "heya" 

False 
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>>> "jap" in "Japan" 


False 

>>> sub = “help” 

False 

>>> sub2 not in string 
True 


>>> string = ‘helping hand’ 
>>> sub2 ="HELP’ 

>>> sub in string 

True 

>>> sub2 in string 

False 

>>> sub not in string 
False 


4. Comparison Operators 
Python's standard comparison operators i.e., all relational operators (<, <=, >, >=, =, !=, ) apply 
to strings also. The comparisons using these operators are based on the standard 
character-by-character comparison rules for ASCII or Unicode (i.e., dictionary order). Thus, you 


can make out that : 


"a" == "a" will give True 

"abc" == "abc" will give True 

"a" l= "abc" will give True 

"A" !="a" will give True 

"ABC" == "abc" will give False (letters’ case is different) 
"abc" != "Abc" will give True (letters’ case is different) 


String comparison principles are : 
© Strings are compared on the basis of lexicographical ordering (ordering in dictionary). 
© Upper-case letters are considered smaller than the lower-case letters. 


Determining ASCII/Unicode Value of a Single Character 


Python offers a built-in function ord( ) that takes a single character and returns the 
corresponding ASCII value or Unicode value : 


ord(<single-character>) #returns ASCII value of passed character 


The opposite of ord() function is chr( ), ie., while ord() returns the ASCII value of a character, 
the chr() takes the ASCII value in integer form and returns the character corresponding to that 
ASCII value. 


The general syntax of chr( ) function is : 


chr(<int>) # Gives character corresponding to passed ASCII 
# value given as integer 
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Consider these examples : 

>>> ord(‘A’) 

65 

>>> ord(u'A’) 

65 

>>> chr(65) 

a 

>>> chr(97) 


a 


2.2.4 String Slices STRING SLICES WIE 
The term ‘string slice’ refers to a part of the string, where String Slice refers to part of a 
strings are sliced using a range of indices. That is, for a string string containing some conti- 

i¢ : i guous characters from the 
say name, if we give name[ n : m ] where n and m are integers 


string. 
and legal indices, Python will return a slice of the string by 
returning the characters falling between indices n and m : 
starting at n, n +1, n+2 ...till m — 1. AENEA as a 
AAE E E A a 
Following figure (Fig. 2.2) shows some string slices using the “For any index n, s[:n] + s[n:] will 
string : give you original string s. $ 


ie cs, 


helloString ="Hello World” : 


helloString[6:10] helloString[6: ] 


characters 


helloString[:5] 


Figure 2.2 String Slicing in Python. 


Interesting Inference 
Using the same string slicing technique, you will find that 


& for any index n, s{:n] + s[n:] will give you original string s. 
This works even for n negative or out of bounds. 


Consider the string namely word storing ‘amazing’. 


>>> word[3:], word [:3] 
‘zing ‘ama’ 
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>>> word[ :3] +word[3:] 

amazing, iN one ouae | 
>>> word[ :-7], word [-7:] eT. Pie 

" amazing’ 

>>> word[ :-7] + word[-7:] 
‘amazing’ 


et: a 
tring [: : -1] is an eas’ 
sn HS pry 

reverse a string, 


vat 


© Index out of bounds causes error with strings but slicing a string outside the bounds does 
not cause error. 


_" " 
s= Hello" ———— Will cause error because 5 is invalid 
print (s[5]) index-out of bounds, for string "Hello" 


But if you give | 


s ="Hello” —— One limit is outside the bounds 
(length of Hello is 5 and thus valid 


print (s [4 : 8] ) indexes are 0-4) 
print (s[5 : 10]) 
KO Both limits are outside the bounds 


the above will not give any error and print output as : 


o 4 empty string 


ie., letter o followed by empty string in next line. 


2.2.5 String Functions 
Python also offers many built-in functions and methods for string manipulation. The string 
manipulation methods that are being discussed below can be applied to strings as per following 
syntax : 


<stringObject>.<method name> () 


For instance, if you have a string namely str = “Rock the World” and you want to find its length, 
you will write the code somewhat like shown below : 


>>> str = "Rock the World." 
>>> str. length( ) Fen 
see the string object is str and 


15 method name is length( ). 
>>> str2 = "New World" 


>>> str2.length( ) 


f Do you know that following websites and web applications have used Python i 
: extensively : Instagram, Dropbox, Google, Netflix, Spotify, Quora, Reddit, Facebook, : 
: and many others ? : 
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Table 2.1 Python’s built-in stri 


r 


<str>.capitalize() 


Example 


I love my India 


ng manipulation methods 


47 


>>>' i love my India’. capitalize() 


Returns a copy of the string <str> with its first character capitalized. 


a 
| 


estr>.find (sub[, 
start[, end]]) 


Example 


>>> sub = ‘ringa’ 


-1 


19 


>>> stringl ='it goes as - ringa ringa roses 


>>> stringl.find(sub, 15, 22) 


>>> stringl.find(sub, 15, 25) 


<str>.isalnum() 
<str>.isalpha() 


<str>.isdigit() 


| Returns True if all 


Examples 

>>> string1 = “abc123" 
>>> string2 ='hello 
>>> string3 ='12345' 
>>> string4 =' ' 


>>> string1.isalnum() 
True 

>>> string2.isalnum() 
True 

>>> string3.isalnum() 
| True 

>>> string4.isalnum() 
| False 


>>> stringl.isalpha() 
False 

>>> string2.isalpha() 
True 

>>> string3.isalpha() 
False 

>>> string4.isalpha() 
False 


Returns the lowest index in the string <str> where the substring sub is found 
within the slice range of start and end. Returns -1 if sub is not found. 


Returns True if the characters in the string <str> are alphanumeric (alphabets or 
numbers) and there is at least one character, False otherwise. 

Returns True if all characters in the string <str> are alphabetic and there is at least 
one character, False otherwise. 
| the characters in the string <str> are digits. There must be at 
| least one digit, otherwise it returns False. 


>>> stringl.isdigit() 
False 
>>> string2.isdigit() 
False 
>>> string3.isdigit() 
True 
>>> string4.isdigit() 
False | 


<str>.isspace() 


Example 


>>> stringi =" 
>>> string2 = "" 


True 


False 


Returns True if there are o 


# stores three spaces 
# an empty string | 
>>> stringl.isspace() 


>>> string2.isspace() 


nly whitespace characters in the string <str>. There 
must be at least one character. Jt returns False otherwise. 


at 


cters in the string <str> are lowercase. There must 
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Returns. True if all cased chara 


| peer | be at least one cased character. It returns False otherwise. 
! | in the string <str> are uppercase and require 
| i | Tests whether all cased characters in l uires 
i <str>,isupper() | that there be at least one cased character. Returns True if so and False otherwise, 
| ; 
| i j is in ti . Title case is any text with most of th 
i Returns True if the string <str> is in title case with a 

“i eae | first letters of each word being capitalized e.g., “My Favorite Food” string <str> is in 
| | title case. 

1 
| Examples 
| >>> string1 = ‘hello ; >>> stringl = ' HEGLO” 
i | >>> string2 = 'THERE' $ >>> string2 ="There 
| . s " ” 
| | >>> string3 = ‘Goldy : >>> string3 = "goldy 
| >>> string1.islower() o>»? string1.isupper() 
i ! True : True 
| | >>> string2.islower() = >>> string2.isupper() 

| False : False 

| >>> string3.islower() I >> string3.isupper() 
i | False : False 
{ H : 
| | eeeunaeceeseeeeeserseuaerenseeseemeeeerens J 
| | >>> “To Be Or Not To Be”.istitle() : 
i | True : 
| >>> “To Be or Not to Be”.istitle() :! 
| | False : 
| | 

<str>.lower() Returns a copy of the string <str> converted to lowercase. 
Example ‘ 
>>> string1.lower() #string1 = "HELLO" 
‘hello 


Returns a copy of the string <str> converted to uppercase. 


<str>.upper() 


| 
| 
| Example 

>>> stringl.upper() #string1 = "hello" 


| "HELLO 


Returns a titlecased version of the string <Str> where words start with an 


<Str>.title() 
uppercase character and the remaining characters are lowercase. 


| 
| 
| 


Example 
>>> "My name is serious".title() 
| "My Name Is Serious’ 


oree Startswith(prefixis] Returns True if string <Str> starts with the argument prefix, otherwise returns 
| start[, end]]) | False. 

| <Str>.endswith(suf- | Returns True if the string <Str> ends with the specified suffix, otherwise returns 
| 

! 


fix[, start[, end]]) į False. 


} 


Chopter 


2 : PYTHON REVISION TOUR-II 


— 


>>> nm.startswith("My") 5 >>> nm. endswith("funny™) 
True : True 
>>> nm.startswith("My", 5) + >>> nm.endswith("funny”, 5, 11) 
False : False 
>>> nm.startswith("ser", 10) = >>> nm.endswith("funny", 5) 
False i True 
>>> nm.startswith("ser", 11) : 
True : 
<Str>.swapcase() Returns a copy of the string <Str> with uppercase characters converted to 


For both startswith( ) and endswith( ), the start and end are optional arguments 
that specify the string positions to be compared. If given, only the string between 
the start to end indexes is compared. 

Example | 


>>> nm = "My name is seriously funny" 


lowercase and vice versa. 
Example 
>>> "Hello World" .swapcase() 
'hELLO wORLD' 


>>> "Hello World" .swapcase() .swapcase()! 
"Hello World' 


<Str>.partition(sep) | Splits the string <Str> at the first occurrence of argument sep, and returns a 


3-tuple containing the part before the separator, the separator itself, and the part 
after the separator. 


If the separator is not found, it returns a 3-tuple containing the string itself, 
followed by two empty strings. 


Example 
>>> nm = "My name is seriously funny” z i 
titi or mrene When given separator is found 
>>> nm.partition(‘is') in tle Ent 
(‘My name ', 'is', ‘seriously funny') 


When given separator is not 


>>> nm.partition('ok') found in the string 


('My name is seriously funny', '', '') 


<Str>.count(sub[, Returns the number of non- 
start[, end]]) 


overlapping occurrences of substring sub in the range 
[start, end] of the given string <Str>. The start and end are optional arguments and 


if not given, the whole string is considered for finding and counting the given 
substring sub. 


>>> nm1 = "To Be or Not to Be" 

>>> nm1.count ("Be") 

2 6 SSS Whole string is searched for 

>>> nm1.count("Be", 7) 

1 ee The string with 7th index onwards is searched for 
>>> nm1.count("Be", 7, 11) 

) 


The string between the range of indexes 7 to 11 is searched for 


1, In some cases, it is not necessarily true that s.swapcase().swapcase() == s. 
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Returns a copy of the string <str> with leading characters removed. 
If used without any argument, it removes the leading whitespaces. 
One can use the optional chars argument to specify a set of characters to be removed. 
The chars argument is not a prefix ; rather, all combinations of its values (all 
possible substrings from the given string argument chars) are stripped when they 
lead the string. 

Returns a copy of the string <str> with trailing characters removed. 

If used without any argument, it removes the leading whitespaces. 

The chars argument is a string <str> specifying the set of characters to be removed. 

The chars argument is not a suffix; rather, all combinations of its values are stripped. 


<str>.lstrip([chars]) 


. 


<str>.rstrip([chars]) 


imple 
Exaip i r ‘The’, ‘Th’, ‘he’, ‘Te’. TI ‘h’. 'e” 
>>> string2 = ‘There’ and their reversed strings are 
‘There’ matched, if any of these found, is 
>>> string2.1strip( ‘The’ ) a= removed from the left of the string 


‘The’ found , hence removed 


‘re 
>>> "saregamapadhanisa".1strip( "tears" ) 
‘gamapadhanisa’ 

>>> string2.rstrip(‘care’) 

Tht 

>>> "Saregamapadhanisa".rstrip( "tears" ) 
*saregamapadhani’ 


2.1 Program that reads a line and prints its statistics like : 


rogram Number of uppercase letters : 
Number of lowercase letters: 
Number of alphabets : 
Number of digits: 


line = input( "Enter a line :" ) 
lowercount = uppercount = @ 
digitcount = alphacount = @ 
forainline: 

if a.islower() : 

lowercount += 1 Enter a line : Hello 123, ZIPPY zippy Zap 
OL as supert 2 Number of uppercase letters : 7 
P i Number of lowercase letters : 11 
5 Number of alphabets : 18 


digitcount += 1 ee 
if a.isalpha() : Number of digits : 3 


alphacount += 1 
print ("Number of uppercase letters :" » uppercount) 


print (“Number of lowercase letters :", lowercount) 
print("“Number of alphabets :", alphacount) 


print("Number of digits :", digitcount) 
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2.3 LISTS IN PYTHON 


A list is a standard data type of Python that can store a sequence of values belonging to any 
type. The Lists are depicted through square brackets, e.g., following are some lists in Python: 


[] #list with no member, empty list 

[1, 2, 3] #list of integers 

[1, 2.5, 3.7, 9] #list of numbers (integers and floating point) 
las ‘b', ëJ # list of characters 

['a', 1, 'b', 3.5, 'zero'] # list of mixed value types 

['One’, 'Two', 'Three’] # list of strings 


Lists are mutable (i.e., modifiable) i.e., you can change elements of a list in place. List is one of 


the two mutable types of Python — Lists and Dictionaries are mutable types ; all other data types 
of Python are immutable. 


2.3.1 Creating Lists 


To create a list, put a number of expressions, separated by commas in square brackets. That is, 
to create a list you can write in the form given below : 


L=[] 
L= [value, ...] 
This construct is known as a list display construct. 
Creating Empty List 
The empty list is [ ]. You can also create an empty list as : 
L=list() #It will generate an empty list and name that list as L. 
Creating Lists from Existing Sequences 
You can also use the built-in list type object to create lists from sequences as per the syntax 
given below : 
L = list(<sequence>) 
where <sequence> can be any kind of sequence object including strings, tuples, and lists. 
Consider following examples : 
>>> 11 = list(‘hello') #creating list from string 
>>> 11 
A "Uy Ue] 
>>> t= (W, e T 't’, Yy) 
>>> 12 = list(t) #creating list from tuple 
>>> 12 
[W,'e','r’, ‘ts 'y] 
Creating List from Keyboard Input 


You can use this method of creating lists of single characters or single digits via keyboard input. 
Consider the code below : 


>>> 11 = list( input(‘Enter list elements:')) 
Enter list elements: 234567 

>>> 11 

['2', '3', '4','S', ‘6, ‘7'] 
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scz. $ 
i Notice, this way the data type of all characters entered is string even though we entered digits, | 
| To enter a list of integers through keyboard, you can use the method given below. | 
gezent Most commonly used method to input lists is eval(input( ))2 as shown below : | 
list = eval(input("Enter list to be added a") | 
print("List you entered :", list) | 
when you execute it, it will work somewhat like : | 
Enter list to be added : [67, 78, 46, 23] | 
44 List you entered : [67, 78, 46, 23] | 
2.3.2 Lists vs. Strings 
Lists and strings have lots in common yet key differences too. This section is going to 
eet summarize the similarities and differences between lists and strings. 


2.3.2A Similarity between Lists and Strings 
Lists are similar to strings in following ways : 
© Length Function len(L) returns the number of items (count) in the list L. 


© Indexing and Slicing 
L[i] returns the item at index i (the first item has index 0), and | 


L[i j] returns a new list, containing the objects between i and j. 


& Membership operators 
Both ‘in’ and ‘not in’ operators work on Lists just like they work for other 
sequences such as strings. (Operator in tells if an element is present in the list 
or not, and not in does the opposite.) 


© Concatenation and Replication operators + and * 
The + operator adds one list to the end of another. The * operator repeats a list. 


© Accessing Individual Elements >>> vowels = ['a’, ‘e’, ‘i’, ‘o', 'u'] 
Like strings, the individual elements of a >>> vowels[@] 
list are accessed through their indexes. ‘a 
Consider adjacent examples : >>> vowels[4] 
‘u 
Buray 2.3.2B Difference between Lists and Strings >>> vowels[-1] 
ayy 6 The lists and strings are different from one another in 'u' 
Suq following ways : 
Storage Lists are stored in memory exactly like strings, except that because some of 
oe their objects are larger than others, they store a reference at each index 
instead of single character as in strings. 
 Mutability Strings are not mutable, while lists are. You cannot change individual 
elements of a string in. place, but Lists allow you to do so. That is, 
following statement is fully valid for Lists (though not for strings) : 
‘ L[i] = <element> 


2. Please note, sometimes (not always) eval( ) does nct work in Python shell. At that time, you can run it through a script too. 


oe nme t Z 
~ Sears 


aS, (owe 
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For example, consider the same vowels list created above and have a look at following code: 


>>> vowels[@] ='A’ 
>>> vowels Notice, it changed the element 


l'A, ‘e, 'T, ‘oO; 'u'] in place; Ca’ changed to ‘A' 
>>> vowels[-4] ='E and ‘e’ changed to ʻE’) no new 


list created — because Lists are 


>>> vowels MUTABLE. Lists are similar to strings in 
IAS E, ‘i’, ‘o, U] many ways like indexing, slicing 
and accessing individual 
2.3.3 List Operations elements but they are different 
i i r in the sense that Lists are 
In this section, we shall talk about most common list mutable while strings are not. 


operations, briefly. 


2.3.3A Traversing a List 
Traversing a list means accessing and processing each element of it. The for loop make 
to traverse or loop over the items in a list, as per following syntax : 


s it easy 


for <item> in <List>: 
process each item here 
For example, following loop shows each item of a list L in separate lines : 
L=['P, 'y, t, h'o, 'n'] 
forainL: 
print(a) 
The above loop will produce result as : 
P 


Ss eos wr < 


2.3.3B Joining Lists 
The concatenation operator +, when used with two lists, joins two lists and returns the 
concatenated list. Consider the example given below : 
>>> Ist1=[1, 4, 9] 
>>> lst2 = [6, 12, 20 ] 
>>> lst1 + 1st2 
[1, 4, 9, 6, 12, 20] 
The + operator when used with lists requires that both the operands must be of list types. 


2.3.3C Repeating or Replicating Lists 
Like strings, you can use * operator to replicate a list specified number of times, e.g., 
(considering the same list Ist1 = [1, 3, 5] ) 
>>> 1st1 *3 
[1, 4,9, 1,4, 9,1, 4, 9] 
Like strings, you can only use an integer with a * operator when trying to replicate a list. 
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2.3.3D Slicing the Lists 


List slices, like string slices are the sub part of a list extracted out. You can use indexes of list 
elements to create list slices as per following format : 
seq =L[start:stop] 


Consider the following example : l 
= 4 
>>> lst =[10, 12, 14, 20, 22, 24, 30, 32, 3 ] iia tig Unt way beyond 


>>> seq = 1st [ 3: -3] the size of the list, but Python 
return elements from list falling 


44 me je 24] in range 3 onwards <30 
3 3 
>>> lst =[10, 12, 14, 20, 22, 24, 30, 32, 34] 
pua Ə >>> lst [3:30] 
[20, 22, 24, 30, 32, 34] Giving lower limit much lower, but 


>>> Ist [-15 :7] ae ee eee Python returns elements from list 
[10, 12, 14, 20, 22, 24, 30] falling in range -15 onwards <7 


Lists also support slice steps too. That is, if you want to extract, not consecutive but every other 
element of the list, there is a way out — the slice steps. The slice steps are used as per following 
format : 

seq =L[start:stop:step] 


Consider some examples to understand this. 


>>> lst 
[10, 12, 14, 20, 22, 24, 30, 32, 34] Include every 2nd element, i.e., 

. i skip 1 element in between. Check 
>>> Ist[@: 10: 2] resulting list slice 


[16, 14, 22, 30, 34] 
>>> lst[2 : 10: 3] 1 
Include every 3rd element, i.e., 
[14, 24, 34] skip 2 elements in between 
Using Slices for List Modification 


You can use slices to overwrite one or more list elements with one or more other elements. 
Following examples will make it clear to you : 


>>> L= ["one", "two", "THREE"] On aAA 
>>> L[0:2]=[90,1] 


>>oL Like strings, in list slices, you can 
(0, 1, "THREE"] give start and stop beyond limits 
-43 of list and it wont raise 
>>> L =["one", "two", "THREE" IndexError, rather it will return 
Lles2] ="q" the elements falling between 
>>> L[@:2] ="a specified boundaries. 
>>>L | 


["a", "THREE"] 
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2.3.4 List Manipulation 


You can perform various operations on lists like : appending, updating, deleting etc. 


Appending Elements to a List 


You can also add items to an existing sequence. The append() method adds a single item to the 
end of the list. It can be done as per following format : 
L.append(item) 


Consider some examples : 


>>> lst1 = [10, 12, 14] 
>>> lst1.append(16) 
>>> Ist1 The element specified as argument to append( ) is 
[10, 12, 14, 16] p added at the end of existing list 
Updating Elements to a List 


To update or change an element of the list in place, you just have to assign new value to the 
element's index in list as per syntax : 


L[ index] = <new value> 


Consider following example : 
>>> Ist1 = [10, 12, 14, 16] 
33> Ist1[2] =24 <———————_ 
>>> Ist1 
[1@, 12, 24, 16] + 


Statement updating an element (3rd element — 
having index 2) in the list. 


Deleting Elements from a List 


You can also remove items from lists. The del statement can be used to remove an individual 
item, or to remove all items identified by a slice. 


It is to be used as per syntax given below : 


del List [ <index>] # to remove element at index 
del List [<start>:<stop>] #to remove elements in list slice 


eg., 
: n . ge 
>>> del lst[10 15] Delete all elements between indexes 10 to 15 in list 
>>> lst namely lst. Compare the result displayed below 


[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 17, 18, 19, 20] 


If you use del <lstname> only e.g., del Ist, it will delete all the elements and the list object too. 
After this, no object by the name Ist would be existing. 


You can also use pop() method to remove single element, not list slices. 


The pop( ) method is covered in a later section, List Functions. 
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2.3.5 Making True Copy of a List 
Assignment with an assignment operator (=) on lists does not make a copy. Instead, assignment 
makes the two variables point to the one list in memory (called shallow copy). 


colors = ['red, ‘blue’, green] colos — [rod [Bue | areon] 


list 0 1 2 


b=colors _## Does not copy the list ye nit —2 [ ‘red’ | ‘blue’ | ‘green’ | 


b 


So, if you make changes in one list, the other list will also report those changes because these 
two list-names are labels referring to same list because ‘=’ copied the reference not the actual 


list. 
colors —> [Tie] owt [reer] 


To make b true copy of list colors i.e., an es 
independent list identical to list colors you e ag / e 


should create copy of list as follows : = b——+ | ‘ted’ | ‘blue’ | ‘green’ | 
: list 0 1 2 


b= list(colors) sesesansussgsossesastt"’ 


Now colors and b are separate lists (deep copy). 


2.3.6 List Functions 
Python also offers many built-in functions and methods for list manipulation. These can be 
applied to list as per following syntax : 


<listObject>.<method name>() 


1. The index method 
This function returns the index of first matched item from the list. 


List.index (<item>) 
For example, for a list L1 = (13, 18, 11, 16, 18, 14], 


>>> L1.index (18) «—————— returns the index of first value 18, even if 
1 there is another value 18 at index 4. 


However, if the given item is not in the list, it raises exception value Error 


2. The append method 
The append( ) method adds an item to the end of the list. It works as per following syntax : 


List. append(<item>) 
— Takes exactly one element and returns no value 


For example, to add a new item “yellow” to a list containing colours, you may write : 
>>> colours = [ ‘red’, ‘green’, 'blue'] 
>>> colours.append(‘yellow) 
>>> colours 
['red’, 'green’, ‘blue’, 'yellow] 


See the item got added at the end of the list 


The append( ) does not return the new list, just modifies the original. 
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3. The extend method 


The extend( ) method is also used for adding multiple elements (given in the form of a list) to a list. 
The extend( ) function works as per following format : 


List.extend(<list>) 
— Takes exactly one element (a list type) and returns no value 


That is extend( ) takes a list as an argument and appends all of the elements of the argument list 
to the list object on which extend( ) is applied. Consider the following example : 

>>> t1= ['a', 'b', 'c'] 

mez = 0a, e] Extend the list t1, by adding all 


elements of t2 
>>> t1.extend(t2) 


>>> t1 Me See the elements of list t2 are 
added at the end of list t1 

['a, P, e, ‘a; 'e'] 

>>> t2 


cae SRA But list t2 remains unchanged. 
Ea, e] Qe 


Difference between append( ) and extend( ) methods 


While append( ) function adds one element to a list, extend( ) can add multiple elements froma 
list supplied to it as argument. 


4. The insert method 


The insert( ) function inserts an item at a given position. It is used as per following syntax : 
List.insert( <pos>, <item>) 


~ Takes two arguments and returns no value. 


The first argument <pos> is the index of the element before which the second argument 
<item> is to be added. Consider the following example: 


>>> t1=['a,'e, 'U] 
>>> tl. insert(2, ‘i’) # inset element 'i' at index 2. 
>>>t1 
pa, ‘e, 'i, u] 4 Se element ‘i’ inserted at index 2 
5. The pop method 
The pop( ) is used to remove the item from the list. It is used as per following syntax : 


List.pop(<index>) # <index is optional argument 


— Takes one optional argument and returns a value — the item being deleted 


| 
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58 
Thus, pop() removes an element from the given position in the list, and return it. If no index js 
specified, pop( ) removes and returns the last item in the list. Consider some examples : 
>>> t1 
[kK ‘a, ‘e’, y "D's ‘d's 'u'] 
>>> ele1 =t1.pop(®) <—————- Remove element at index 0 i.e., first 
>>> elel element and store it in elel 
'k "The removed element 
>>> tl 
[an'e i’, p ‘dy U] 4— Listafter removing first element 
>>> ele2 =t1.pop() 
>>> ele2 ——— No index specified, it will remove 
‘u' the last element 
>>> t1 
['a', 'e', i', 'p', 'q'] 
The pop( ) method raises an exception (runtime error) if the list is already empty. 
6. The remove method 
m from the list. It is used as per 


The remove( ) method removes the first occurrence of given ite 


following format : 


List.remove ( <value> ) 
— Takes one essential argument and does not return anything 


The remove( ) will report an error if there is no such item in the list. Consider some examples : 


>>> t1 = ['a’, 'e', a, "D's ‘d's as ‘qd, 'p'] 

>>> t1.remove('a') 

>>> t1 n- First occurrence of ‘a’ is removed from the list 
['e’, PEA Py ‘ds ‘ay ‘ds, 'p'] 

>>> t1.remove('p') 
>>> t1 

['e’, i", "d's ‘ay qs 'p'] 


== First occurrence of ‘p’ is removed from the list 


7. The clear method 
This method removes all the items from the list and the list becomes empty list after this 


function. This function returns nothing. It is used as per following format. 
List.clear( ) 
For instance, if you have a list L1 as 
>>> L1 = [2, 3, 4, 5] 
>>> L1.clear( ) ¢—— it will remove all the items from list L1. 
>>>L1 
[] << Now the L1 is an empty list. 
Unlike del <Istname> statement, clear( ) removes only the elements and not the list element. 
After clear(), the list object still exists as an empty list. 
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8. The count method 


This function returns the count of the item that you passed as argument. If the given item is not 
in the list, it returns zero. 


It is used as per following format : 
List.count(<item> ) 


For instance, for a list L1 = (13, 18, 20, 10, 18, 23] 


>>> L1.count(18) 
22S terns 2 as there are two items with value 18 in the list. 


>>> L1.count (28) 
o <—_——————_ No item with value 28 in the list, hence it returned 0 (zero) 


9. The reverse method 


The reverse( ) reverses the items of the list. This is done “in place”, i.e. it does not create a new 
list. 


The syntax to use reverse method is : 
List.reverse() 
— Takes no argument, returns no list ; reverses the list ‘in place’ and does not return anything. 
For example, 
>>> ti=['e, 1, ‘q, ‘a, ‘dt, 'P'] 
>>> ti. reverse() 


>>> t1 4 The reversed list 
[p's ‘d; ‘a, ‘d; Ty 'e'] 
10. The sort method 


The sort( ) function sorts the items of the list, by default in increasing order. This is done “in 
place”, i.e. it does not create a new list. 


It is used as per following syntax : 
List.sort() 

For example, 
>>> t1=['e, ‘i, 'd,'a,'d,'P') 
>>> t1.sort() 


>>> £1 ee Sorted list in default ascending order 

Ca, ‘ey i, ps ‘ds A] 
Like reverse( ), sort( ) also performs its function and does not return anything. 
To sort a list in.decreasing order using sort(), you can write : 


>>> List.sort(reverse = True) 
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2.4 TUPLES IN PYTHON 
The Tuples are depicted through parentheses i.e., round brackets, e.g., following are some 
rr ~ Þ 
tuples in Python : 


(} #tuplewith no member, empty tuple 

(7,) # tuple with one member 

&, 2,:39 # tuple of integers 

(1, 2.5, 3.7, 9) = tuple of numbers (integers and floating point) 

Ca’, D'C) # tuple of characters 

Ca, 1, D, 3.5, ‘zero’) = tuple of mixed value types 

(One, ‘Two, Three’) # tuple of strings 

Tuples are immutable sequences ie., you cannot change elements of a tuple in place. 

pas 2.4.1 Creating Tuples 


To create a tuple, put a number of expressions, separated by commas in parentheses. That is, to 
create a tuple you can write in the form given below : 


T=() 
T= (value, ...) 


This construct is known as a tuple display construct. 


Creating Empty Tuple 
The empty tuple is ( ). You can also create an empty tuple as : 
T=tuple() 


Creating Single Element Tuple 


Making a tuple with a single element is tricky because if you just give a single element in round 
brackets, Python considers it a value only, e.g., 


(1) was treated as an integer expression, 
hence t stores an integer 1, not a tuple 


To construct a tuple with one element just add a comma after the single element as shown 
below : 


z To create a one-element tuple, make 
>» t=3, e«n 
sure to add comma at the end 
>>>t 


(3,) <—<——_—_—— Now t stores a tuple, not integer. 


“43 Creating Tuples from Existing Sequences 


You can also use the built-in tuple type object (tuple( ) ) to create tuples from sequences as per 
the syntax given below : 


T = tuple(<sequence>) 


where <sequence> can be any kind of sequence object including strings, lists and tuples. 
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Consider following examples : 


>>> t1 = tuple(‘hello’) #creating tuple froma string 
>>> t1 
Ch'e I, I'o) 
>>> L= [W e r t y] 
>>> t2 = tuple(L) # creating tuple froma list 
>>> t2 
(w, ‘ey 'r’, t, 'Y) 
Creating Tuple from Keyboard Input 
You can use this method of creating tuples of single characters or single digits via keyboard 
input. 
Consider the code below : 
ti = tuple(input(‘Enter tuple elements:')) 
Enter tuple elements : 234567 
>>>t1 
(2, '3','4,'5', 6, '7) 
But most commonly used method to input tuples is eval(input( )) as shown below : 
tuple = eval (input ("Enter tuple to be added:")) 
print("Tuple you entered :", tuple) 
when you execute it, it will work somewhat like : 


Enter tuple to be added: (2, 4, "a", "hjkjl, "[3, 4]) 
Tuple you entered : (2, 4, "a", "hjkjl", [3, 4]) 


2.4.2 Tuples vs. Lists 
Tuples and lists are very similar yet different: This section is going to talk about the same. 


2.4.2A Similarity between Tuples and Lists 


Tuples are similar to lists in following ways : 


© Length Function len(T) returns the number of items (count) in the tuple T. 


Indexing and Slicing 
T[i] returns the item at index i (the first item has index 0), and T[i: j] returns a new 
tuple, containing the objects between i and j. 
& Membership operators 
Both ‘in’ and ‘not in’ operators work on Tuples also. That is, in tells if an element is 
present in the tuple or not and not in does the opposite. 
© Concatenation and Replication operators + and * 


The + operator adds one tuple to the end of another. The * operator repeats a tuple. 
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iaa i á T P 
aa oe mete elements of a tuple are accessed through their indexes given in 
square brackets. Consider the following examples : 
>>> vowels = ('a', 'e', ‘i’, 'o', ‘u’) 
>>> vowels[4] 
y 
>>> vowels[- 1] 
u 


2.4.2B Difference between Tuples and Lists 
Tuples are not mutable, while lists are. You cannot change individual elements of a tuple in place, 


but lists allow you to do so. That is, following statement is fully valid for lists (BUT not for tuples), 


If we have a list L and a tuple T, then 


L[i] = element #is valid 


is VALID for Lists. BUT 
T[i] = element # is invalid 


is INVALID for tuples as you cannot perform item-assignment in immutable types. 


2.4.3 Tuple Operations 
In this section, we shall talk about most common tuple operations, briefly. 


2.4,3A Traversing a Tuple 


Traversing a tuple means accessing and processing each element of it. The for loop makes it easy 
to traverse or loop over the items in a tuple, as per following syntax : 


for <item> in <Tuple>: 
process each item here 


For example, following loop shows each item of a tuple T in separate lines : 
T= (‘'P', 'u', 'r’, 'e') 
forainT: 
print(T[a]) 


The above loop will produce result as : 


P 
u 
r 
e 


2.4.3B Joining Tuples 
The + operator, the concatenation o i 
i ; perator, when used with tw joi tuples. 
Consider the example given below : aa oe 


>>>tpl1= (1, 3, 5) 
>>> tpl2 = (6, 7, 8) 
>>> tpl1+tpl2 

(1, 3; 5, 6, 7, 8) 
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: Sometimes you need to concatenate a tuple (say tpl) with another tuple containing only one : 
: element. In that case, if you write statement like : : 


>>> tpl + (3) 


: Python will return an error like : 
TypeError : can only concatenate tuple (not "int") to tuple 


; The reason for above error is : a single value in ( ) is treated as single value not as tuple. That i is, : : 
: expressions (3) and (‘a’) are integer and string respectively but (3,) and (‘a’, ) are single element : 
: tuples. Thus, following expression won't give any error : 


>>> tpl + (3, ) 
2.4.3C Repeating or Replicating Tuples 
Like strings and lists, you can use * operator to replicate a tuple specified number of times, ¢.g., 
>>> tpl1* 3 
(1, 3, 5, 1, 3, 5, 1, 3, 5) 


Like strings and lists, you can only use an integer with a * operator when trying to replicate a 
tuple. 


2.4.3D Slicing the Tuples 
Tuple slices, like list-slices or string slices are the sub part of the tuple extracted out. You can use 
indexes of tuple elements to create tuple slices as per following format : 
seq = T[start:stop] 


Recall that index on last limit is not included in the tuple slice. Consider the following example : 
>>> tpl = (10, 12, 14, 20, 22, 24, 30, 32, 34) 
>>> seq = tpl [ 3:-3] 
>>> seq 
(20, 22, 24) 


If you want to extract, not consecutive but every other element of the tuple, there is a way out — 
the slice steps. The slice steps are used as per following format : 


seq = T[start:stop:step] 
Consider some examples to understand this. 
>>> tpl 
(10, 12, 14, 20, 22, 24, 30, 32, 34) 
Include every 2nd element, i.e., skip 1 element in 
>>> tpl[@: 10: 2] al between. Check resulting tuple slice 
(10, 14, 22, 30, 34) 


Include every 3rd element, i.e., 


>>> tpl[2: 10:3 y ‘ 
pl[ ] r skip 2 element in between 


(14, 24, 34) 
>>>tpl[:: 3] ea gO No start and stop given. Only step is given as 5. 
(10, 20, 30) That is, from the entire tuple, pick every 


5rd element for the tuple 
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2.4.3E Unpacking Tuples 


Creating a tuple from a set of values is called packing and its reverse, ie., creating individua] 
values from a tuple’s elements is called unpacking. 


Unpacking is done as per syntax : 


<variable1>, <variable2>, <variable3>, ..=t 
where the number of variables in the left side of assignment must match the number of 
elements in the tuple. 
For example, if we have a tuple as : 


t= (1, 2, 'A', 'B') 


The length of above tuple t is 4 as there are four elements in it. Now to unpack it, we can write: 
W,X,y,z=t 
print(w, "r, X "e" Y, ir z) 


The output will be : 
1-2-A-B 
2.4.4 Tuple Functions and Methods 


1. The len( ) method 
This method returns length of the tuple, i.e., the count of elements in the tuple. 
Syntax: — len(<tuple>) 
>>> employee = (‘John', 10009, 24, 'Sales') 
>>> len(employee) 


aa T> The len() returns the count of elements in the tuple 


2. The max( ) method 


This method returns the element from the tuple having maximum value. 
Syntax : max(<tuple>) 


>>> tpl = (10, 12, 14, 20, 22, 24, 30, 32, 34) 
>>> max(tp1) 


This method returns the element from the tuple having minimum value. 
Syntax : min(<tuple>) 


>>> tpl = (10, 12, 14, 20, 22, 24, 30, 32, 34) (Norena 


>>> min(tpl) Like max( ), for min( ) to work, 


ip l the elements of tuple should be 
$ ~ Maximum value from tuple tpl is returned of same type. 
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4.The index( ) method 


It returns the index of an existing element of a tuple. 


Syntax : <tuplename> . index (<item>) 


>>> tl= [3, 4,5, 6.0] 
>>> t1.index(5) 
2 


But if the given item does not exist in tuple, it raises ValueError exception. 


5. The count( ) function 


The count( ) method returns the count of a member element/object in a given sequence 
(list/tuple). 


Syntax : <sequence name>. count(<object>) 

4 
>>> t1= (2, 4, 2, 5, 7, 4, 8, 9, 9, 11, 7, 2) 
>>> t1.count(2) 


3 e > There are 5 occurrences of element 2 in given 


tuple, hence count() return 3 here 


6. The tuple( ) method 


With tuple( ), the argument 
3 ; must be a sequence type i.e., 
This method is actually constructor method that can be used 


a string or a list or a dictionary. 


to create tuples from different types of values. 


Syntax : tuple(<sequence>) 


& Creating empty tuple 


& Creating a tuple from a list 
>>> tuple() 


>>> t = tuple([1,2,3]) 


Q >>>t 
Creating tuple from a string (1, 2,3) 
>>> t = tuple("abc") © Creating a tuple from keys of a dictionary 
>>>t >>> t1 = tuple ( {1:"A", 2:"B"}) 
Ca, ‘b’, 'c’) >>> t1 
(1, 2) 


PYTHON SEQUENCES : STRINGS, LIST & TUPLES 
f* 1 


Progress In Python 2.4 


This ‘PriP’ session is aimed at revising various concepts you learnt in Class XI. 


Please check the practical component-book — Progress in Computer 
€ Science with Python and fill it there in PriP 2.1 under Chapter 2 after 
practically doing it on the computer. 


ok 
PZ 


t 


>>> <<< 
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2.5 DICTIONARIES IN PYTHON 


Python dictionaries are a collecti 
unordered collections with elements in the form o 


values. 


on of some key-value pairs. Dictionaries are mutable 
f a key : value pairs that associate keys to 


2.5.1 Creating a Dictionary 
To create a dictionary, you need to 
syntax : 


include the key : value pairs in curly braces as per following 


{<key>:<value>, <key>:<value>.- 3} 


nary by the name teachers that stores the names of teachers as 
values of respective keys. 


<dictionary-name> = 


Following is an example dictio 
keys and the subjects being taught by them as 
", "Karen" : "Sociology", 


teachers = { "Dimple" : "Computer Science 
"Legal Studies" } 


ý "Harpreet" : "Mathematics", "Sabah" : 
Notice that 
© the curly brackets mark the beginning 
© each entry (Key : Value) consists of a pair separated by 
value is given by writing colon (:) between them, 


and end of the dictionary, 
a colon - the key and corresponding 


© the key-value pairs are separated by commas ()). 


Internally, dictionaries are indexed (i.e, arranged) on the basis of keys. 


2.5.2 Accessing Elements of a Dictionary 
In dictionaries, the elements are accessed through the keys defined in the key-value pairs, as per 


the syntax shown below : 
<dictionary-name> [ <key>] 


ay to access the value for key defined as “Karen” in above declared teachers dictionary, you 
will write ; 


>>> teachers["Karen"] 
and Python will return 


Sociology 


Attempting to acce ‘t exi 
ae : ing io access a key that doesn’t exist causes an error. Consider the following statement 
s trying to access a non-existent key (13) from dictionary teachers 


>>> teachers["Kushal"] 
teachers KeyError : 13 


y 
1 aries, l y . 
In I thon dict onaries the e ements (ke value pairs) are unordered é 0 


67 


Chopter 2 : PYTHON REVISION TOUR-II 


Accessing Keys or Values Simultaneously 

To see all the keys in a dictionary in one go, you may write <dictionary>-keys( ) and to see all 

values in one go, you may write <dictionary>.values( ), as shown below : 
>>> d = {Vowe1l1" : "a", "Vowel2" : "e", "Vowel3" : "i", "Vowel 4" : "o", "VowelS" : “u"} : 
>>> d.keys() 
['Vowel5', 'Vowel4', 'Vowel3', 'Vowel2', 'Vowell'] «~~. Python lists keys in an 
>>> d.values() arbitrary order. 
[lu ‘o', ‘i, 'e’, 'a’] 


2.5.3. Characteristics of a Dictionary 
Dictionaries like lists are mutable and that is the only similarity they have with lists. Otherwise, 
dictionaries are different type of data structures with following characteristics : 
(a) A dictionary is a unordered set of key : value pairs. 
(b) Unlike the string, list and tuple, a dictionary is not a sequence because it is unordered 
set of elements. 
(c) Dictionaries are indexed by keys and its keys must be of any non-mutable type. 
(d) Each of the keys within a dictionary must be unique. 
(e) Like lists, dictionaries are also mutable. We can change the value of a certain key “in 
place” using the assignment statement as per syntax : 


<dictionary>[<key>] = <value> 


2.5.4 Dictionary Operations 


In this section, we shall briefly talk about various operations possible on Python dictionaries. 


2.5.4A Traversing a Dictionary 
Traversal of a collection means accessing and processing each element of it. The for loop makes it 
easy to traverse or loop over the items in a dictionary, as per following syntax : 
for <item> in <Dictionary> : 
process each itemhere 


Consider following example that will illustrate this process. A dictionary namely d1 is defined 
with three keys — a number, a string, a tuple of integers. 


d1={5: "number", \ 
"a": “string”, \ 
(1,2) : "tuple" } 
To traverse the above dictionary, you can write for loop as : 
for key ind1: 
print(key, ":", di[key]) 


The above loop will produce the output as shown below : 
a: string 
(1, 2) : tuple 
5 : number 
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Adding Elements to Dictionary 
: value pair) to 4 dictionary using assignment as per the 


dded must not exist in dictionary and must be unique. If 


You can add new elements (key 
ge the value of existing key and no new entry 


following syntax. BLT the key being 2 
the key already exists, then this statement will chan 


will be added to dictionary. 


<dictionary>[<key>] = <value> 
Consider the following example : 


>>> Employee = {naze’ -"John’, ‘salary : 10209, ‘age’ : 24} 
>>> Employee[‘dept’] ='Sales’ 

>>> Employee 

{salary : 10229, ‘dept’ :'Sales', ‘age’: 24, ‘name’ : ‘John'} 


if you are adding elements to an empty 


Using this method, you can create new dictionary, 


dictionary. 
2.5.4C Updating Existing Elements in a Dictionary 
ar to what we did just now. 
t as per following syntax : 


Updating an element is simil That is, you can change value of an 


existing key using assignmen 
dictionary>[<key>] = <value> 


Consider the following example : 
>>> Employee = {‘name’ : John’ , ‘salary’ : 10000, ‘age’ : 24} 
>>> Employee['salary ] = 20000 
>>> Employee 
{'salary’ : 20000, ‘age’: 24, ‘name’ : ‘John'} 


But make sure that the key must exist in the dictionary, otherwise new entry will be added to the 


dictionary. 
Using this technique of adding key : value pairs, you can create dictionaries interactively at 
runtime by accepting input from user. 


2,2 Write a program to create a dictionary containing names of competition winner students as keys and 
number of their wins as values. 


rogram 
n = int(input ("How many students ?")) 
CompWinners = { } 
for ain range(n) : 
key = input ("Name of the student :") 
value = int(input ("Number of competitions won :")) 
CompWinners[key] = value 
print("The dictionary now is :") 
print(CompWinners ) 
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How many students ? 5 


Name of the student : Naval 
Number of competitions won : 5 
Name of the student : Zainab 
Number of competitions won : 3 
Name of the student : Nita 
Number of competitions won : 3 
Name of the student : Rosy 
Number of competitions won : T 
Name of the student : Jamshe 
Number of competitions won : 5 


The dictionary now is : 


{Nita : 3, Naval’: 5, Zainab’: 3, 'Rosy : 1, 'Jamsheď : 5} 


2.5.4D Deleting Elements from a Dictionary 


There are two methods for deleting elements from a dictionary. 


(i) To delete a dictionary element or a dictionary entry, i.e., a key:value pair, you can use del 
command. The syntax for doing so is as given below : 


del <dictionary>[ <key>] 


Consider the following example : 
>>> emp13 
{salary : 10000, ‘age’ : 24, ‘name’ : "John’} 
>>> del emp13['age’] 
>>> emp13 
{salary : 10000, ‘name’ : ‘John'} 


But with del statement, the key that you are giving to delete must exist in the 
dictionary, otherwise Python will return an error. See below : 


>>> del emp13['new ] 
del emp13['new] 


KeyError : ‘new 


(ii) Another method to delete elements from a dictionary is by using pop( 


) method as per 
following syntax : 


<dictionary>.pop(<key>) 
The pop( ) method will not only delete the key:value pair for mentioned key but also 
retum the corresponding value. 
Consider the following code example 

>>> employee 

{'salary : 10000, ‘age’: 24, ‘name’ : ‘John'} 

>>> employee. pop (‘age’) 

24 

>>> employee 


{'salary : 10000, ‘name’ : ‘John’ } 
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If you try to delete a key which does not exist, the Python returns error. See below ; 


>>> employee. pop(‘new') 
employee. pop(‘new’) 
KeyError : ‘new’ 

However, pop( ) method allows you to specify what to display when the given key does 


not exist, as per following syntax : 
<dictionary>.pop(<key>, <in-case-of-error-show-me>) 


For example : 
>>> employee. pop(‘new, "Not Found") 


‘Not Found’ 
2.5.4E Checking for Existence of a Key 
Usual membership operators in and not in work with dictionaries as well. But they can check 
for the existence of keys only. You may use them as per syntax given below : 


<key> in <dictionary> 


<key> not in <dictionary> 
— The in operator will return True if the given key is present in the dictionary, otherwise 


False. 
— The not in operator will return True if the given key is not present in the dictionary, 


otherwise False. 


Consider the following examples : 
>>> empl = {'salary’ : 10000, ‘age’ : 24, ‘name’ : 'John'} 
>>> ‘age’ in empl 
True 
>>> ‘John’ in empl 
False 
>>> ‘John’ not in empl 
True 
>>> ‘age’ not in empl 
False 


2.5.5 Dictionary Functions and Methods 


1. The len( ) method 
This method returns length of the dictionary , i.e, the count of elements (key:value pairs) in the 


dictionary. The syntax to use this method is given below : 
len(<dictionary>) 


eg, 
>>> employee = {'name' : ‘John’, 'salary' : 10000, ‘age’ : 24} 


>>> len(employee) 
3 
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Chop 
2. The clear( ) method 


This method removes all items from the dictionary and the dictionary becomes empty dictionary 
post this method. _ 


<dictionary>.clear() 
The clear( ) removes all the 
aid elements of a dictionary and makes 
>>> Employee = {'name' : ‘John’, 'salary' : 10000, ‘age’ : 24} it empty dictionary while del 
>>> Employee.clear() statement removes ‘the complete 
dictionary as an object. After del 
‘eam statement with a dictionary name, 
{} sea k that dictionary object no more 
“ez See, now the dictionary is empty exists, not even empty dictionary. 


3. The get( ) method 
With this method, you can get the item with the given key, similar to dictionary [key ]. If the key is 
not present, Python will give error. 


<dictionary>.get( key , [ default ]) 


e.g., 
>>> emp1l1 
{'salary' : 108090, 'dept' : 'Sales', 'age': 24, ‘name’ : ‘John'} 
>>> empl1.get (‘dept’) 
‘Sales’ 


4. The items({ ) method 
This method returns all of the items in the dictionary as a sequence of (key, value) tuples. Note 
that these are returned in no particular order. 


<dictionary>.items() 
The adjacent code gives output as : 


e.g., 
employee = {'name' : ‘John’, 'salary' : 10000, ‘age’ : 24} ( 'salary', 10000) 
myList = employee. items() Cage', 24) 
for x in myList : C ‘name’, ‘John’ ) 


print(x) 


5. The keys( ) method 
This method returns all of the keys in the dictionary as a sequence of keys (in form of a list). Note 
that these are returned in no particular order. 


<dictionary>.keys() 


eg; 
>>> employee 
{'salary' : 10000, ‘dept’ : ‘Sales’, ‘age’ : 24, 'name’ : ‘John’} 
>>> employee. keys() 
['salary’, ‘dept’, ‘age’, ‘name’] 
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6. The values( ) method | 
This method returns all the values from the dictionary as a sequence (a list). Note that these are 


returned in no particular order. 
<dictionary>.values() 


eg. 


>>> employee 
{'salary : 10090, ‘dept’ : 'Sales', 


‘age’ : 24, ‘name’: "‘John'} 


>>> employee.values() 
[10000, ‘Sales’, 24, "John'] 


7. The update( ) method 
into the original dictionary, adding 


This method merges key : value pairs from the new dictionary 
or replacing as needed. The items in the new dictionary are a 


dded to the old one and override 


any items already there with the same keys. 
The syntax to use this method is given below : 


Dictionary to be 
updated 


See, the elements of dictionary >>> employee2 = {'name' : 


eo This dictionary’s items will be taken 
ey for updating other dictionary. 


<dictionary>.update ( <other-dictionary>) 


e.g., 
>>> employee1 = {'name' : ‘John’, ‘salary’ : 10000, ‘age’ : 24} 


‘Diya’, 'salary' : 54000, 'dept' : 'Sales'} 


employee2 have overridden the 
>>> employee1.update(employee2) 


elements of dictionary i 
employee! having the same keys mm 
ie. of keys ‘name’ and "salary" > employeel . 

{salary : 54000, ‘dept : ‘Sales’, 'name' : ‘Diya’, ‘age’ : 24} 


2.3 


rogrem 


>>> employee2 
{salary : 54000, ‘dept’: ‘Sales’, ‘name’ : 'Diya'} 


’ ‘2°]. Write a program 


Given three lists as list1 = [‘a’,‘b’,‘c’] , list2 = [‘h’, ‘i’, t’] and list3 = [‘0’,‘1 
he order of list3, 


that adds lists 2 and 3 to list1 as single element each. The resultant list should be in t 
elements of list1, list2. 


list1=['a',‘'b',‘c'] 
list2=['h’,‘i','t'] 
list3=['0','1', '2'] 
print("Originally :") 
print("List1=", list1) 
print("List2=", list2) 
print("List3=", list3) 


# adding list2 as single element at the end of list1 


list1.append(list2) #1ist2 gets added as one element at the end of list? 
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# adding list3 as single element at the start of list1 
list1.insert(@,list3) #list3 gets added as one element at the beginning of list1 


print("After adding two lists as individual elements, list now is :") 
print(list1) : 


The output produced by above program is as follows : 


originally : 

Listl = ['a', 'b', 'c'] 

List2 = ['h', 'i', 't'] 

List3 = ['0', ‘1', '2°] 

after adding two lists as individual elements, list now is : 
CEO"; a ig a I na ha ve", fen", oy" “ag 


9.4 Given three lists as list! = [‘a’,‘b’,‘c’] , list2 = [kit] and list3 = [0,1 »,(2’]. Write a program 
that adds individual elements of lists 2 and 3 to list]. The resultant list should be in the order of 
rogram elements of list3, elements of list!, elements of list2. 


listl=['a','b',‘c'] 
list2=['h',‘i','t'] 
list3=['0','1', '2'] 
print("Originally 3”) 
print("List1 =", list1) 
print("List2 = ", list2) 
print("List3 =", list3) 


# adding elements of list1 at the end of list3 
list3.extend(list1) 


# adding elements of list2 at the end of list3 

list3.extend(list2) 

print("After adding elements of two lists individually, list nowis :") 
print(list3) 


The output produced by above program is as follows : 


Originally : 

Listi = ['a', 'b', 'c'] 

List2 = ['h', "i', 'y'] 

List3 = ['0', '1', '2°] 

After adding elements of two lists individually, list now is : 
['o',", "Th VD va" 'b', ‘e's He i", tt] 


2.5 Write a program that finds an element’s index/position in a tuple WITHOUT using index(). 


tuplel = (aps Pe e's ‘e',) 
char = input("Enter a single letter without quotes : ") 


rogram 


yt 
Sa er 


SANs oe 


es ae 
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if char in tuple1: 
count =@ 
for ain tuple1: 
ifa !=char: 
count += 1 


else: 
break . 
print(char, "is at index", count, "in", tuple1) 


else: 
print(char, "is NOTin", tuple1) 


Enter a single letter without quotes : 1 
p ' 
1 is at position 3 in ('a', 'p', 'p', '1', ‘e') 


Enter a single letter : p 
p is at position 1 in Ç'a', 'p', 'p', 'T', 'e') 


Write a program that checks for presence of a value inside a dictionary and prints its key. 


info = {'Riya':'CSc.', 'Mark':'Eco', 'Ishpreet':'Eng', ‘Kamaal': 'Env.Sc'} 


=fogram inp = input(“Enter value to be searched for :") 


if inp in info.values(): 
for a in info: 
if info[a] == inp : 
print("The key of given value is", a) 
break 


else: 
print ("Given value does not exist in dictionary") 


Enter value to be searched for : Env.Sc 
The key of given value is Kamaal 


Enter value to be searched for : eng 
Given value does not exist in dictionary 


2.7 The code of previous will not work if the cases of the given value and value inside dictionary are 
different. That is, the result (of previous program) will be like : 


rogram 
“rog Enter value to be searched for : eng 


Given value does not exist in dictionary 


Make changes in above program so that the program returns the key, even if the cases differ, i.e. 
match the two values ignoring their cases 


aiioa {'Riya':'CSc.', 'Mark': 'Eco', 'Ishpreet': 'Eng', 'Kamaal': 'Env.Sc'} 
inp = input ("Enter value to be searched for : K) 
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fora in info: 


if info[a].upper() == inp.upper() : 
print ("The key of given value is", a) 
break 
else: 


print("Given value does not exist in dictionary") 
The sample run of above program is as given below : 


|. Enter value to be searched for : eng 
The key of given value is Ishpreet 


2.6 SORTING TECHNIQUES 


Sorting in computer terms means arranging elements in a 
specific order — ascending or increasing order or descending SORTING TN i 


. Sorting, in computer terms, 
Gi decreasing order. refers to arranging elements in a 
There are multiple ways or techniques or algorithms that you specific order — ascending or 


can apply to sort a group of elements such as selection sort, descending: 
insertion sort, bubble sort, heap sort, quick sort etc. 


We shall cover Bubble sort and insertion sort, as recommended by syllabus. 
2.6.1 Bubble Sort 


The basic idea of bubble sort is to compare two adjoining values and exchange them if they are 


not in proper order. To understand this, have a look at figure 2.3 that visually explains the 
process of bubble sort. 


1612 E12 To see 
x 


12 AA 1212 1212 42.4 
5 Bubble Sort 
12) Me\.16 fe\S43/-13 13 f\13 413 | in action 
18 \8/%48\ S316 16 (ie 14 14 | ool 
(Eul 
8 


13 13 %43/ 18 18 AA Sa/e 16 16) ESE 
14 14 14 14 14 \44/518 18 AA a7 | 5 
VERIT TET ITE ATAT SAT Og QR:Coda 


i 


Figure 2.3 


2.8 Program to sort a list using Bubble sort. 


rogram aList = [ 15, 6, 13, 22, 3, 52, 2] «<——— We have taken a pre-initialized list. You 
- print (“Original listis: " alist) can even input a list prior to sorting it. 
n= len(aList) 
# Traverse through all list elements 
for iinrange(n): 
# Last i elements are already in place 


a Sein OU 


> eee SA eee eens 


COMPUTER SCIENCE WITH PYTHON ~ y) 


This expression will ensure that we do not 
jj -i-1): compare the heavier elements that have 
re is hat : - ete n-ii already settled at correct position. 
# traverse the list from -1- 
# Swap if the element found is greater 
# than the next element 
if aList[j] > aList[j+1]: 
aList[j], aList[j +1] = aList[j +1], aList[j] 


print ("List after sorting :", aList) 


The output produced by above code is like : 


Original list is : [15, 6, 13, 22, 3, 52, 2] 
List after sorting : (2, 3, 6, 13, 15, 22, 52] 


Insertion sort is sorting 
algorithm that builds a sorted 
ig ana a list one element at a time from 

6. the unsorted list by inserting the 


Insertion sort is a sorting algorithm that builds a sorted list one element at its correct position in 
element at a time from the unsorted list by inserting the sorted list. 
element at its correct position in sorted list. 
, 15 [Q 14 16 11 13 
Ei [Grey line marks} ` 
re 
EAn Í the boundary > 12 t 15 | @4) 16 11 13 
ae | of sorted part | R? 
{ | sno aii 12 14 15 G6) 11 13 
| Oho} KO 
| 12 14 15 16 ®© 13 
cii £ 
Scan 1 12 14 15 416 [O 
QR Code ee 


done 


11 12 13 14 15 16 


Figure 2.4 


2.9 Program to sort a sequence using insertion sort. 


rogram aList = [15, 6, 13, 22, 3, 52, 2] 
print ("Original list is :", aList) 
for i in range(1, len(aList)) : 

key = aList[i] 

j=i-1 

while j >=@ and key < aList[j] : 
=u +1) =aList[j] #shift elements to right to make room for key 
JsJ- 

else: 
aList[j +1] = key 

print("List after sorting :", aList) 


Original list is : [15, 6, 13, 22, 3, 52, 2] 
List after sorting : [2, 3, 6, 13, 15, 22 52] 
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— PYTHON SEQUENCES : DICTIONARIES, SORTING 


; ri Progress In Python 2.2 


This ‘PriP’ session is aimed at revising various concepts you learnt in Class XI. 


' Please check the practical component-book — Progress in Computer 
Science with Python and fill it there in PriP 2.2 under Chapter 2 after > 
practically doing it on the computer. i 


>>>% <<< 


LET US REVISE 


P e 


@ 


€ 


Python strings are stored in memory by storing individual characters in contiguous memory locations. 
The index (also called subscript sometimes) is the numbered position of a letter in the string. 


In Python, indices begin 0 onwards in the forward direction up to length-1 and -1, -2, ... up to — length in the 
backward direction. This is called two-way indexing. 


The string slice refers to a part of the string s[start:end] is the element beginning at start and extending up to but not 
including end. 


Lists are mutable sequences of Python i.e., you can change elements of a list in place. 
Lists index their elements just like strings, i.e., two way indexing. 


Lists are similar to strings in many ways like indexing, slicing and accessing individual elements but they are 
different in the sense that Lists are mutable while strings are not. 


Membership operator in tells if an element is present in the sequence or not and not in does the opposite. 

List slice is an extracted part of a list; list slice is a list in itself. 

L[start:stop] creates a list slice out of list L with elements falling between indexes start and stop , not including stop. 
Tuples are immutable sequences of Python i.e., you cannot change elements of a tuple in place. 


To create a tuple, put a number of comma-separated expressions in round brackets. The empty round brackets i.e., () 
indicate an empty tuple. 


Tuples index their elements just like strings or lists, i.e., two way indexing. 


Tuples are stored in memory exactly like strings, except that because some of their objects are larger than others, 
they store a reference at each index instead of single character as in strings. 


Tuple slice is an extracted part of tuple; tuple slice is a tuple in itself. 


T[start:stop] creates a tuple slice out of tuple T with elements falling between indexes start and stop, not including 
stop. 


Dictionaries are mutable with elements in the form of a key:value pair that associate keys to values. 


The keys of a dictionary must be of immutable types. 


In Python dictionaries, the elements (key:value pairs) are unordered ; one cannot access element as per specific 
order. 


_ & Keys of a dictionary must be unique. aah JA 
> @. In Dictionaries, the updation and addition of elements are similar in syntax. But for addition, the key must not exist 
- in the dictionary and for updation, the key must exist in the dictionary., ~ I ; sH 
& Sorting of an array means arranging the array elements in a specified order. ; 

< & In bubble sort, the adjoining values are compared and exchanged if they are not in proper order. This process is 


i repeated until the entire array is sorted. s | 
| 2 In insertion sort, each successive element is picked & inserted at an appropriate position in the previously sorted array, ] 


¥ 
Ea 


Multiple Choice Questions 
1. The numbered position of a letter in a string is called 


bjective Type Questions 


OTQS 


(a) position (b) integer position (c) index (d) location 
2. The operator tells if an element is present in a sequence or not. 
(a) exists (b) in (c) into (d) inside 
3. The keys of a dictionary must be of types. 
(a) integer (b) mutable (c) immutable (d) any of these 
4. Following set of commands is executed in shell, what will be the output ? 
>>>str = "hello" 
>>ostr[:2] 
>>> 
(a) he (b) lo (c) olleh (d) hello 


5. What data type is the object below ? 
L=[1, 23, 'hello', 1] 
(a) list (b) dictionary (c) array (d) tuple 
6. What data type is the object below ? 
L=1, 23, 'hello',1 
(a) list (b) dictionary (c) array (d) tuple 
7. To store values in terms of key and value, what core data type does Python provide ? 
(a) list (b) tuple (c) class (d) dictionary 
8. What is the value of the following expression ? 
343.00; 3**3.0 
(a) (6.0, 27.0) (b) (6.0, 9.00) (c) (6, 27) 
(d) [6.0, 27.0] (e) [6, 27] 
9. List AL is defined as follows : 
AL = [1, 2, 3,4, §] 
MA a following statements removes the middle element 3 from it so that the list AL equals 


(a) del a[2] (b) a[2:3] = [ ] (c) a[2:2] = [ ] 
(d) a[2] = [ ] (e) a.remove(3) 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


Which two lines of code are valid strings in Python ? 


(a) This is a string (b) ‘This is a string’ 
(c) (This is a string) (d) “This is a string” 


You have the following code segment : 
String1 = "my" 
String2 = "work" 
print(String1 + String2) 
What is the output of this code ? 
(a) my work (b) work (c) mywork 
You have the following code segment : 
String1 = "my" 
String2 = "work" 
print(String1 + String2.upper()) 
What is the output of this code ? 


(a) mywork (b) MY Work (c) myWORK 
Which line of code produces an error ? 
(a) “one” + ‘two’ (b) 1+2 (c) “one” + “2” 


What is the output of this code ? 
>>> int("3" + "4") 
(a) “7” (b) “34” (c) 34 
Which line of code will cause an error ? 
num= [5, 4, 3, [2], 1] 
2. print(num[@]) 
3. print(num[3][@]) 
4. print(num[5]) 
(a) Line 3 (b) Line 2 (c) Line 4 
Which is the correct form of declaration of dictionary ? 
(a) Day = {1:'Monday', 2:'Tuesday', 3:'wednesday'} 
(b) Day = {1;'Monday’, 2;'Tuesday', 3; wednesday’} 
(c) Day = [1:'Monday’, 2:'Tuesday’, 3:'wednesday’] 
(d) Day = {(1'monday’, 2'tuesday', 3'wednesday’} 
Identify the valid declaration of L : 
L=[1, 23, "hi", 6] 
(a) list (b) dictionary (c) array 


Fill in the Blanks 


1. Strings in Python store their individual letters in Memory in 
2. 
3: 


Operator 


Operator 


19% 


(d) my 


(d) My Work 


(d) Y +2 


(d) 24 


(d) Line 1 


(d) tuple 


location. 


when used with two strings, gives a concatenated string. 


when used with a string and an integer gives an error. 
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m the string is called ASS 


uous characters fro 
icates the list/string. 


Part of a string containing some conti 
tring and an integer, repl 


The ____ operator when used with a list/s 
are not mutable while lists are. 
Using ____ function, you can make a true 


The function is used to remove an ite 
remove an individual item or a 


ements of a list/dictionary. 


Dom p 


copy of a list. 
m from a list/dictionary. 
slice from a list. 


yo Rn 


The statement can 
10. The function removes all the el 


11. Creating a tuple from a set of values is called 


12. Creating individual values from a tuple’s elements is called ___- 


13. The method returns all the keys in a dictionary. 
14. The function returns all values from Key : value pair of a dictionary. 


15. The function returns all the Key : value pairs as (key, value) sequences. 


True/False Questions 
L. Do both the following represent the same list”. 


pan b te" ] 
[e's “ary. S 
A list may contain any type of objects except another list. 
There is no conceptual limit to the size of a list. 
4. Allelements in a list must be of the same type. 
A given object may appear in a list more than once. 
The keys of a dictionary must be of immutable types. 
-= You can combine a numeric value and a string by using the + symbol. 
The clear( ) removes all the elements of a dictionary but does not delete the empty dictionary. 
The max() and min( ) when used with tuples, can work if elements of the tuple are all of the same 
type. 
10. A list of characters is similar to a string type. 
Lt, For any index n, s[:n] + s[n:] will give you original string s. 


12. A dictionary can contain keys of any valid Python types. 


NOTE : Answers for OTQs are given at the end of the book. 


Solved Problems 
(hn ai ie i a ce EEEE 
i What is indexing in context to Python strings ? Why is it also called two-way indexing ? 
Solution. In Python strings, each individual character is given a location number, called index and 
this process is called indexing. Python allocates indices in two directions : 
© in forward direction, the indexes are numbered as 0, 1, 2,.... length-1 
S U, Dy Lyre Le 
© in backward direction, the indexes are numbered as -1, -2, -3 length 
2; = 35. ; 


This is known as two-way indexing. 
) S 
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2. What is a string slice ? How is it useful ? 
Solution. A sub-part or a slice of a string, say $, can be obtained using s Ín : m] w 
integers. 
Python returns all the characters at indices n 1+ 1, n+ 2...m-1 eg, 


here n and m are 


‘Well done' [1 : 4] will give ‘ell' 


Figure out the problem with following code fragment. Correct the code and then print the output. 


3. 
1. si='must' 
2. s2='try' 
3. nil=10 
4. n2=3 
5. print(s1+s2) 
6. print(s2*n2) 
7. print(s1+n1) 
8. print(s2 *s1) 
Solution. The problem is with lines 7 and 8. 
© Line 7 — print(s1 + n1) will cause error because s1 being a string cannot be concatenated 
with a number n1. 
This problem can be solved either by changing the operator or operand e.g., all the following 
statements will work : 
(a) print (s1 *n1) 
(b) print (s1+ str(n1)) 
(c) print (sl + s2) 
© Line 8 — print(s2 * s1) will cause error because two strings cannot be used for replication. 
The corrected statement will be : 
print(s2 + s1) 
If we replace the Line 7 with its suggested solution (b), the output will be : 
must try 
try try try 
must 10 
try must 
4. Find and write the output of the following python code : [CBSE Sample Paper 2019-20] 
x = "abcdef" 
i="a" 


while iinx: 
print(i, end="") 
Solution. 


aaaaaa—- 


keeps printing a's endlessly OR infinite loop 
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5. Consider the following code : 
string = input( "Enter a string :") 
count = 3 
while True : 
if string[@] =='a' : 
string = string[2 :] 
elif string[-1] =='b' : 
string = string [: 2] 
else: 
count +=1 
break 
print (string) 
pus © print (count) 
What will be the output produced, if the input is : (i) aabbec (ii) aaccbb (iii) abcc 


Solution. 
(a) bbce (b) cc (c) cc 
4 4 4 


6. Consider the following code : 
Inp = input ("Please enter a string :" ) 
while len(Inp) <=4: 


if Inp[-1] =='z': #condition 1 
Inp = Inp [@: 3] +'c' 
elif 'a'inInp: #condition 2 
Inp = Inp[@] +'bb' 
elif not int(Inp[@]) : #condition 3 
Inp ='1' + Inp[1 :] +'z' 
else: 
Inp = Inp +'*" 
print(Inp) 
What will be the output produced if the input is (i) 1bzz, (ii)'1a' (iii)'abc' (iv)" Oxy', (v)' xyz’. 
Solution. 
(i) 1bzc* (it) lbb** 


i ay endless loop because ‘d will always remain at index 0 and condition 3 will be repeated endlessly. 
i (iw) 1x yes (v) Raises an error as Inp[0] cannot be converted to int. 


N 


Write a program that takes a string with multip 


le words and then capitalizes th word and 
forms a new string out of it. e sar a al i 
Solution. 


string = input( "Enter a string :") 
length = len(string) 

a=0 

end = length 

string2="' #empty string 
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while a < length : 
ifa==@: 
string2 += string[®].upper() 
at=1 
¢ elif (string[a] ==" and string[a+1] !="') : 
string2 += string[a] 
string2 += string[a+1] -upper() 
at=2 
else : 
string2 += string[a] 
a+=1 
print("Original String :", string) 
print ("Captilized words String", string2) 


8. Write a program that reads a string and checks whether it is a palindrone string or not. 
Solution. 
string = input("Enter a string :") 
length = len(string) 
mid = length/2 
rev =-1 
for ainrange(mid) : 
if string[a] == string[rev] : 
at=1 
rev-= 
else: 


print(string, "is not a palindrome") 
break 


else: #loop else 
print(string, "is a palindrome") 


9. How are lists different from strings when both are sequences ? 


Solution. The lists and strings are different in following ways : 
(i) The lists are mutable sequences while strings are immutable. 


(ii) In consecutive locations, a string stores the individual characters while a list stores the 
references of its elements. 


(iii) Strings store single type of elements — all characters while lists can store elements belonging 
to different types. 


10. What are nested lists ? 
Solution. When a list is contained in another list as a member-element, it is called nested list, e.g., 
a=[2, 3, [4, 5] 
The above list a has three elements — an integer 2, an integer 3 and a list [4, 5], hence it is nested list. 
11. What does each of the following expressions evaluate to? 


Solution. Suppose that L is the list 
[“These”, [“are”, “a’’], [“few”, “words” ], “that”, “we”, “will”, “use”]. 
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fa) Łi3:4}]+t{[1:2 
(b) "few" int [2:3] 
ic} "few" in t{[2} 
td) L[2}{1:]} 
fe} Lit} +t(2] 
Solution. 
{a} L{[3:4]= pthat] 
[1:2] = [fare 3] NS 
U[3:4] +Uf{2:2] = (that’, [are ‘4 }] 
is not an element of this range. L2: 3] returns 
is is a list with one element, a list. 


a list of elements from 
string “few” 
m pera ordi Jh th a 
{c} True. L{2] retums the list [‘few’, ‘words’] “few” is an element of this list. 
(D L[2} = [fe, words’) 
L[2]{12] = [words'] 
fe) L{1] = [are a’) 
i[2] = [few, words’) 
U[1} + [2] = [are’, ‘a, ‘few, words’) 
12 What is the output produced by the following code snippet ? 
aist =[1,2,3,4,5,6,7,8,9] 
print(atst{::3]) 
Solution. 
[1,4,7] 
13. What will be the output of the following code snippet ? 
Lst =[1,2,3,4,5,5,7,8,9] 
Lst{::2]=18,20,38,48,50,68 
print(Lst) 
(a) ValueError : attempt to assign sequence of size 6 to extended slice of size 5 
(b) {10, 2, 20, 4, 30, 6, 40, 8, 50, 60] 
(c) [1, 2, 10, 20, 30, 40, 50, 60] 
(4) [1, 10, 3, 20, 5, 30, 7, 40, 9, 50, 60} 
Solution. (4) 


14. What will be the output of the following code snippet ? 
values = [] 
fori inrange (1,4): 
values.append(i) 
print (values) 
Solution. [1] 


(1, 2] 


i} 
F 
s 


pee 
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15 hat will be the output of the following code ? 
rec = {"Name” : “Python”, “Age”:"287} 
rerec.copy() 
print(id(r) == id(rec)) 
(a) True (b) False {c) 0 (dy 1 
Solution (b) 
16. What will be the output of the following code snippet? 
dc1 = {} 
dcl{1] =1 
dc1['1']=2 
dc1[1.0]=4 
sum = @ 
fork in dc1: 
sum += dc1[k] 
print (sum) 


Solution 6 


17. Predict the output of following code fragment : 
fruit = {} 
fl=[‘Apple', ‘Banana’, ‘apple’, ‘Banana’) 
for index in fl: | 
if index in fruit: 
fruit[index] +=1 
else: 
fruit[index] =1 
print(fruit) 
print (len(fruit)) 


Solution. {'Apple': 1} 
{'Apple': 1, ‘Banana’: 1} 
{'Apple': 1, ‘Banana’: 1, ‘apple’: 1} 
{'Apple': 1, ‘Banana’: 2, ‘apple’: 1} 
3 


Find the error in following code. State the reason of the error. 
2," +3} 
print (alst[‘a',’b']) 


alst = {°a°:1,°b*: 


Solution. The above code will produce KeyError, the reason being that there is no key same as the list 
[‘a’, ‘b’] in dictionary aLst. It seems that the above code intends to print the values of two keys ‘a’ and 
‘b’, thus we can modify the above code to perform this as : 
alst'={"a's1,'b':2, "ce" 33} 
print (aLst['a'], alst['b']) 
Now it will give the result as : 
2 
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19. Find the error in the following code fragment. State the reason behind the error. , 


box = {} 

jars = {} 

crates = {} 

box['biscuit']=1 

box['cake'] =3 

jars['jam'] =4 

crates[ 'box'] = box 

crates['jars'] =jars 

print (crates[box]) 
Solution. The above code will produce error with print() because it is trying to print the value from 
dictionary crates by specify a key which is of a mutable type dictionary(box is a dictionary). There 
p can never be a key of mutable type in a dictionary, hence the error. 
The above code can be corrected by changing the print( ) as : 


print (crates['box']) 


Serene ee are 


20. Write the most appropriate list method to perform the following tasks. 
(a) Delete a given element from the list. 
(b) Delete 3rd element from the list. 
(c) Add an element in the end of the list. 
(d) Add an element in the beginning of the list. 
(e) Add elements of a list in the end of a list. 
Solution. (a) remove() (b) pop() (c) append() (d) insert() (e) extend( ) 
21. How are tuples different from lists when both are sequences ? 
Solution. The tuples and lists are different in following ways : 
© The tuples are immutable sequences while lists are mutable. 
© Lists can grow or shrink while tuples cannot. 


22. How can you say that a tuple is an ordered list of objects ? 


Solution. A tuple is an ordered list of objects. This is evidenced by the fact that the objects can be 
accessed through the use of an ordinal index and for a given index, same element is returned 
everytime. 
23. Following code is trying to create a tuple with a single item. But when we try to obtain the length of the tuple 
is, Python gives error. Why? What is the solution ? 
>>> t = (6) 
>>> len(t) 
Traceback (most recent call last): 
File "<pyshell#8>", line 1, in <module> 
len(t) 
TypeError: object of type ‘int! has no len() 


Solution. The syntax for a tuple with a single item requires the item to be followed by a comma as 
shown below : X 


t=("a", 


I Lae id Likes 


Chapte' 


24. 


nN 
35) 


26. 


30. 


31. 
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Thus, above code is not Creating a tuple in t but an integer, on which len( ) cannot be applied. To 
create a tuple in t with single element, the code should be modified as : 
>>> t= (6,) 


>>> len(t) 
What is the length of the tuple shown below ? 
t= (Ca, 1), 'b', ‘e), ‘d, 2), 'e', 3) 


Solution. The length of this tuple is 3 because there are just three elements in the given tuple. Because 
a careful look at the given tuple yields that tuple f is made up of : 


ti="a", 1 
£2 =t1, "b", "e" 
t3=t2, "d", 2 


t= (t3,"e", 3) 
Can tuples be nested ? 


Solution. Tuples can contain other compound objects, including lists, dictionaries, and other tuples. 
Hence, tuples can be nested. 


How are dictionaries different from lists ? 


Solution. The dictionary is similar to lists in the sense that it is also a collection of data-items just like 
lists BUT it is different from lists in the sense that lists are sequential collections (ordered) and 
dictionaries are non-sequential collections (unordered). 


In lists, where there is an order associated with the data-items because they act as storage units for 
other objects or variables you've created. Dictionaries are different from lists and tuples because the 
group of objects they hold aren't in any particular order, but rather each object has its own unique 
name, commonly known as a key. 

How are objects stored in lists and dictionaries different ? 


Solution. The objects or values stored in a dictionary can basically be anything (even the nothing type 
defined as None), but keys can only be immutable type-objects. e.g., strings, tuples, integers, etc. 
When are dictionaries more useful than lists ? 


Solution. Dictionaries can be much more useful than lists. For example, suppose we wanted to store 
all our friends’ cell-phone numbers. We could create a list of pairs (name of friend, phone number), 
but once this list becomes long enough searching this list for a specific phone number will get 
time-consuming. Better would be if we could index the list by our friend’s name. This is precisely 
what a dictionary does. 


Can sequence operations such as slicing and concatenation be applied to dictionaries ? Why ? 
Solution. No, sequence operations like slicing and concatenation cannot be applied on dictionaries. 
The reason being, a dictionary is not a sequence. Because it is not maintained in any specific order, 
operations that depend on a specific order cannot be used. 
Why can’t Lists be used as keys ? 

Solution. Lists cannot be used as keys in a dictionary because they are mutable. And a Python 
dictionary can have only keys of immutable types. 
If the addition of a new key-value pair causes the size of the dictionary to grow beyond its original size, an error 
occurs. True or false ? 
Solution. False. There cannot occur an error because Dictionaries being the mutable types, they can 
grow or shrink on an as-needed basis. 


32. 
coordinates of a point in an x-y coordinate piane: 
my pasai: (Ay Dt a e: Sr} 
Write a program to calculate the maximum value from within all of the values taplcaet Sore inia 
‘ a : 
For example, maximum for 0% index will be computed from values 4, 1 and 5- all the entries at 0" index in the 
value-tuple. 
Print the result in following format : 
Maximum Value at index(my_points, @) =5 
Maximum Value at index(my_points, 1) =3 
Solution. 
my_points = {'a' : (4, 3), ‘b': (1, 2), '¢: (5, 1) } 
highest = [@, @] 
init = 
for a inrange(2) : 
init = 
for b inmy_points.keys(): 
val = my_points[b][a] 
if init ==@: 
highest[a] = val 
init +=1 
if val > highest[a] : 
highest[a] = val 
print ("Maximum Value at index(my_points, ", a, ") =", highest[a]) 
GLOSSARY 
e S] 
Dictiona. i i 
ty — Amutable, unordered collection with elements in the form of a key:value pairs that associate keys to value 
index An i i i i 1 ; 
n integer variable that is used to identify the position of an element and access the element 
List 
s A mutable sequence of Python that can store objects of any type 
look icti i , 
ookup A dictionary operation thot takes a key and finds the corresponding val 
ue 
Mappin inki i l 
pping Linking of a key with a value through some internal function (hash function) 
Nesti i l 
esting Hoving an element of similar type inside another element 
Packing Creating a tuple from individual values 
Tuple An immutable sequence of elements. 
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vith single-letter keys, each followed by a 2-element tuple representing the 


Consider a dictionary my_points t 


Unpacking Creating individual values from a tuple’s element 
ents. 


orting Arra < 
rranging elements o a sequence i some orde! (asce d 1g/desce dir ) 
Sort. g 


5 ea ea r 
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Assignment 


i 


Type A: Short Answer Questions/Conceptual Questions 


1. 
2. 


moe p 


cane 


10. 


What is the internal structure of Python strings ? 


Write a Python script that traverses through an input strir. and prints its characters in different lines — 
two characters per line. 


Discuss the utility and significance of Lists, briefly. 
What do you understand by mutability ? What does “in place” task mean ? 
Start with the list [8, 9, 10]. Do the following : 


(a) Set the second entry (index 1) to 17 (b) Add 4, 5 and 6 to the end of the list 
(c) Remove the first entry from the list (d) Sort the list 
(e) Double the list (f) Insert 25 at index 3 


What's a [1:1] if a is a string of at least two characters ? And what if string is shorter ? 
What are the two ways to add something to a list ? How are they different ? 
What are the two ways to remove something from a list? How are they different ? 
What is the difference between a list and a tuple ? 
In the Python shell, do the following : 

(i) Define a variable named states that is an empty list. 

(ii) Add ‘Delhi’ to the list. 

(iii) Now add ‘Punjab’ to the end of the list. 

(iv) Define a variable states2 that is initialized with ‘Rajasthan’, ‘Gujrat’, and ‘Kerala’. 

(v) Add ‘Odisha’ to the beginning of the list. 

(vi) Add ‘Tripura’ so that it is the third state in the list. 


(vii) Add ‘Haryana’ to the list so that it appears before ‘Gujrat’. Do this as if you DO NOT KNOW 
where ‘Gujrat’ is in the list. 


Hint. See what states2.index(“Rajasthan”) does. What can you conclude about what 
listname.index(item) does ? 


(viii) Remove the 5th state from the list and print that state’s name. 


. Discuss the utility and significance of Tuples, briefly. 
. If ais (1, 2, 3) 


(a) what is the difference (if any) between a * 3 and (a, a, a) ? 
(b) isa* 3 equivalent toata+a? 
(c) what is the meaning of a[1:1] ? 
(d) what's the difference between a[1:2] and a[1:1] ? 
What is the difference between (30) and (30,) ? 


Why is a dictionary termed as an unordered collection of objects ? 


- What type of objects can be used as keys in dictionaries ? 


Though tuples are immutable type, yet they cannot always be used as keys in a dictionary. What is the 
condition to use tuples as a key in a dictionary ? 


Dictionary is a mutable type, which means you can modify its contents ? What all is modifiable in a 
dictionary ? Can you modify the keys of a dictionary ? 


How is del D and del D[<key>] different from one another if D is a dictionary ? 
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dD with three entries, for keys a, ‘b and Cc. What happens if you try to inde) 


19, Create a dicti name i 
ee ) ? What does Python do if you try to assig 


a nonexistent key (D[‘d’] 


(e.g., D[‘d’ ]=’spam’) ? 
20. What is sorting ? Name some popular sorting techniques. 
21, Discuss Bubble sort and Insertion sort techniques. 


Type B ; Application Based Questions 
1. What will be the output produced by following code fragments ? ; 
(a) y =str(123) (b) x = "hello" +\ (c) x="hello world 
print(x[:2], x[:-2], x[-2:]) 


x = "hello" * 3 "to Python" +\ 
print(x, y) "world" print(x[6], x[2:4]) 
x = "hello" + "world" for char inx: print(x[2:-3], x[-4:-2]) 
y = len(x) y = char 
print(y,':', end="") 


print(y, x) 


2. Write a short Python code segment that adds up the lengths of all the words in a list and then prints the 


average (mean) length. 
3. Predict the output of the following code snippet ? 
a= [1,2,3,4,5] 
print(a[3:@:-1]) 
4. Predict the output of the following code snippet? 
(a) arr = [1, 2, 3, 4, 5, 6] 
for iinrange(1, 6): 
arr[i-1]=arr[i] 
for i inrange(@, 6): 
print(arr[i], end="") 
(b) Numbers = [9, 18, 27, 36] 
for Num in Numbers : 
for Ninrange(1, Num%8) : 
print(N, "#", end="") 


print( ) [CBSE D 2016] 
5, Find the errors. State reasons. 
(a) t=(1, "a", 9.2) (d) t ='hello’ 
t[@] 26 t[@] = "H" 
(b) t= [1, "a", 9.2] 
t[0] = 6 (e) for Name in [Amar, Shveta, Parag] 
IF Name[@] = 'S': 
c) te "a" 
(c) ean a", 9.2] print (Name) 
= jC. 7D 2016] 


6. Assuming words is a valid list of an se. Does 
words, the program below tri i n reve i 
oe ; a i , g nes to print the list in rev it 
have an error ? If so, why ? (Hint. There are two problems with the code.) a 


foriin range(len(words), @, “1)s 
print(words[i], end=' "y 
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/- 


What would be the output of following code if ntpl = (“Hello”, “Nita”, “How’s”, “life ?”) 2 


, 


(a, b, c, d) =ntpl 

print("a is:", a) 

print("bis:", b) 

print("c is:", c) 

print("dis:", d) 

ntpl= (a, b, c, d) 
print(ntp1[0][@]+ntp1[1][1], ntp1[1]) 


g. What will be the output of the following code ? 


tuple_a='a', 'b' 
tuple_b=('a', 'b') 
print (tuple_a==tuple_b) 


(a) 0 (b) 1 (c) False (d) True 


9, What will be the output of the following code snippet ? 


10, 


11. 


rec = {"Name” : "Python", “Age":"20", “Addr” : "NJ", "Country" : "USA" } 
id1 = id(rec) i 

del rec 

rec = {"Name" : "Python", "Age":"20", “Addr” :"NJ", “Country” : "USA" } 
id2 = id(rec) 

print(id1 == id2) 


(a) True (b) False (c) 1 (d) Exception 


What will be the output of the following code snippet ? 


my_dict = {} 
my_dict[(1,2,4)]=8 
my_dict[(4,2,1)]=10 
my_dict[(1,2)] =12 
sum = @ 
fork inmy_dict: 

sum += my_dict[k] 
print (sum) 
print(my_dict) 


Write a method in python to display the elements of list thrice if it is a number and display the element 
terminated with ‘’ if it is not a number. {CBSE D 2015} 


For example, if the content of list is as follows : 


List =[‘41’, ‘DROND’, ‘GIRIRAJ’ , ‘13’, ‘ZARA’ ] 


The output should be 


414141 
DROND# 
GIRIRAJ# 
131313 
ZARA# 


Type 


. Write a program that prompts fo 


. Write a program that should p 


. Write a program that rotates the elements 


6. Write a prog 
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. Name the function/method required to 


i i i ters 
i) check if a string contains only uppercase let 
@ g R. 


(ii) gives the total length of the list. 
ing Practice/Knowledge based Questions 


r a phone number of 10 digits and two dashes, 


bers. For example, 017-555-1212 is a legal input. 
d display if the phone number is valid or 


C : Programm 
with dashes after the 


area code and the next three num 

Display if the phone number entered is valid format or not an 

not (ie. contains just the digits and dash at specific places). 

rompt the user to type some sentence(s) followed by “enter”. It should 
o the sentence(s) : 


then print the original sentence(s) and the following statistics relating t 


4 Number of words 
à Number of characters (including white-space and punctuation) 


4 Percentage of characters that are alpha numeric 


Hints 

a Assume any consecutive sequence of non-blank characters in a word. 
Write a program that takes any two lists L and M of the same size and adds their elements together to 
form a new list N whose elements are sums of the corresponding elements in L and M. For instance, if 
L=[3,1,4] and M=[1, 5,9} then N should equal [4, 6, 13]. 
of a list so that the element at the first index moves to the 
second index, the element in the second index moves to the third index, etc., and the element in the last 


index moves to the first index. 
Write a short Python code segment that prints the longest word in a list of words. 
ram that creates a list of all the integers less than 100 that are multiples of 3 or 5. 


Define two variables first and second so that first = “Jimmy” and second = “Johny”. Write a short 


Python code segment that swaps the values assigned to these two variables and prints the results. 


. Write a Python program that creates a tuple storing first 9 terms of Fibonacci series. 


10. 


11. 


12: 


Create a dictionary whose keys are month names and whose values are the number of days in the 


corresponding months. 
(a) Ask the user to enter a month name and use the dictionary to tell them how many days are in the 


month. 

(b) Print out all of the keys in alphabetical order. 

(c) Print out all of the months with 31 days. 

(d) Print out the (key-value) pairs sorted by the number of days in each month. 
Write a function called addDict(dict1, dict2) which computes the union of two dictionaries. It should 
retum a new dictionary, with all the items in both its arguments (assumed to be dictionaries). If the 
same key appears in both arguments, feel free to pick a value from either. 
sais a program to sort a dictionary’s keys using Bubble sort and produce the sorted keys as a list. 
Write a program to sort a dictionary’s values using Bubble sort and produce the sorted values as a list. 


3.1 


Working with 
Functions 


Tn Wie Chapter 


3.1 Introduction 

3.2 Understanding Functions 

3.3 Defining Functions in Python 

3.4 Flow of Execution in a Function Call 
3.5 Passing Parameters 

3.6 Returning Values From Functions 
3.7 Composition 


3.8 Scope of Variables 


INTRODUCTION 


Large programs are generally avoided because it is difficult to manage a single list of 
instructions. Thus, a large program is broken down into smaller units known as functions. A 
function is a named unit of a group of program statements. This unit can be invoked from other 
parts of the program. 


The most important reason to use functions is to make program handling easier as only a small 
part of the program is dealt with at a time, thereby avoiding ambiguity. Another reason to use 
functions is to reduce program size. Functions make a program more readable and under- 


standable to a programmer thereby making program management much easier. 
In this chapter, we shall talk about functions, especially, — 


FUNCTION S 


EA 
PREIRAS SS 


how a function works ; how you can create your own 
functions in Python ; and how you can use the functions 
created by you. 


A Function is a subprogram that | 
acts on data and often returns a 
value. 
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3.2 UNDERSTANDING FUNCTIONS oai peaks EE, 
function is, in te 
In order to understand what a | 
ing lines carefully. l a 
a l rked with polynomials in Mathematics. Say we have following polyn 
ou have wo 
2x? 
2 
For x =1, it will give result as 2x1*=2 
2 
For x = 2 it will give result as 2x 2° =8 
2x37 =18 


For x =3, it will give result as 


and so on. . 
Now, if we represent above polynomial as somewhat like 
Fx) = 2x? 
Then we can say (from above calculations) that 
f(1)=2 a) 
f(2)=8 ...(2) 
f(3)=18 (3) 


The notation f(x) =2x? can be termed as a function, where for function namely f, x is its 
argument i.e., value given to it, and 2x? is its functionality, i.e., the functioning it performs. For 
different values of argument x, function f(x) will return different results (refer to equations (1), 
(2) and (3) given above). 
On the similar lines, programming languages also support functions. You can create functions 
in a program, that : 

© can have arguments (values given to it), if needed 

& can perform certain functionality (some set of statements) 


© can return a result 


For instance, above mentioned mathematical function f(x) can be written in Python like this : 


def calcSomething (x): 
Psd Mah 2 
returnr 
where 


© def means a function definition is starting 


> identifier following def 1S the name of the unc 10n, 1.e., here t e funchion n 
a > ning S o > f t h h f t ame 1S 
calcSomething 


© the variables/identifiers inside the parenthese 
given to function), ie., here xis the 
¢ there is a colon at the end of def lin 


s are the arguments or parameters (values 
argument to function calcSomething. 


€, meaning it requires a block 


i 
B 


mia P 
“Sh 
Se 


J 
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© the statements indented below the function, (i.e. block below def line) define the 
functionality (working) of the function. This block is also called body-of-the-function. 
Here, there are two statements in the body of function calcSomething. 
© The return statement returns the computed result. To:see 
Function anatomy 
The non-indented statements that are below the function definition _ inaction 
are not part of the function calcSomething’s definition. For instance, opn] 
consider the example-function given in Fig. 3.1 below : 


X 
mE : m 
name of the function 


argument to the function 


; definition of function calcSomething 
def calcSomething (x): ee ae / f] 


F koi d] y p | 

| t ee Body of the function calcSomething | 
returnr | 

| Statement to Mei | 


return computed 


| result “SE Complete program 
= int(input( "Enter a number :" )) 

| a This is not a part of function caleSomething | 
print (calcSomething(a) ) (These statements are not indented and hence | 
| at top level of indentation.) 

| | 
| Function call inside print( ) Figure 3.1 Python Function Anatomy | 
| na A = s d e z | 


3.2.1 Calling/Invoking/Using a Function 


To use a function that has been defined earlier, you need to write a function call statement in 
Python. A function call statement takes the following form : 


<function-name>(<value-to-be-passed-to-argument>) 


For example, if we want to call the function calcSomething( ) defined above, our function call 
statement will be like : 


calcSomething(5) # value 5 is being sent as argument 
Another function call for the same function, could be like : 
a=7 


calcSomething(a) # this time variable a is being sent as argument 


Carefully notice that number of values being passed is same as number of parameters. 


Also notice, in Fig. 3.1, the last line of the program uses a function call 
statement. (print ( ) is using the function call statement.) oe 
Part of a function 


. . ic ; in action 
Consider one more function definition given below : 


Ore OF 
def cube(x) : i 
res =x ** 3 


eae | 
fi 
# cube of value in x oes | 
return res # return the computed value Scan 
QR Code 


tent 

a Be 

is ST 

|- eaei i 
ae 
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, fa eat 
=i n’s name is cube() and it takes one argument. Now 


As you can make out that the above functio ae 
its function call statement(s) would be similar to the ones shown z 


(i) Passing literal as argument in function call 
À cube(4) # it would pass value as 4 to 


variable as argument in functi 


argument x 


(ii) Passing on call 


num = 10 
cube(num) 
t and passing the input as argum 


“Enter a number :" )) 
ass value as variable mynum to argument x 


# it would pass value as variable num to argument x 
(iii) taking inpu ent in function call 
mynum = int (input ( 
cube(mynum) # it would p 


D (iv) using function call inside another statement Nore 


print(cube(3)) # cube(3) will first get the computed result 


# which will be then printed The syntax of the function 
call is very similar to that of 


the declaration, except that 
the key word def and colon 
(:) are missing. 


(v) using function call inside expression 


double OfCube = 2 * cube(6) 
# function call's result will be multiplied with 2 


3.2.2 Python Function Types 
Python comes preloaded with many function-definitions that you can use as per your needs. You 
can even create new functions. Broadly, Python functions can belong to one of the following 


three categories : 


| 1. Built-in functions These are pre-defined functions and are always available for use. You have 
used some of them - len( ), type( ), int( ), input( ) ete. 


2. Functions These functions are pre-defined in particular modules and can only be 
defined in used when the corresponding module is imported. For example, if you want 
to use pre-defined functions inside a module, say sin(), you need to first 


modules 
import the module math (that contains definition of sin() ) in your program. 
3. User defined These are defined by the programmer. As programmers you can create 
functions your own functions. 


In this chapter, you will learn to write your own Python functions and use 
them in your programs. 


STRUCTURE OF FUNCTIONS 
i Progress In Python 3.1 


ri P 
This PriP session is aimed at making anatomy of Python functions clear to you 


You'll be required to practice about structure of Functions. 


© Science with Python and fill it there in PriP 3.1 under Chapter 3 after 


s Please check the practical component-book — Progress in Computer a 
practically doing it on the computer. ») 
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33 DEFINING FUNCTIONS IN PYTHON 


As you know that we write programs to do certain things. Functions can be thought of as 


key-doers within a program. A function once defined can be invoked as many times as needed 


by using its name, without having to rewrite its code. 


In the following lines, we are about to give the general form i.e., syntax of writing function code 
jn Python. Before we do that, just remember these things. 


In a syntax language : 
m item(s) inside angle brackets <> has to be provided by the programmer. 
m item(s) inside square brackets [ ] is optional, i.e., can be omitted. 
m items/words/punctuators outside <> and [ ] have to be written as specified. 


A function in Python is defined as per following general format : 


def <function name> ( [parameters] ) : 
["" "<function's docstring>""" ] 


<statement> 
[<statement>] 


For example, consider some function definitions given below: 


def sum (x, y) : 
S=X+Y 
returns 
Or 
def greet( ): 
print ("Good Morning!") 


Though you know about various elements in a function-definition, still let us talk about it again. 
Let us dissect these functions’ definitions to know about various components. 


Parameters inside( ) Parameters inside( ); 


Keyword def Function name are x, y i Function name no argument here 
ae - il Keyword def J 
def greet() : 


def sum (x, y) : ~ 


SEXTY a (ends with a colon: ) 


Function Header 


aan print ("Good Morn ing!") 


ie 
return 3 : z 
k 3 N Function Body (indented) 


\ 
X, (See all statements in function body 
% are at same level of indentation.) 


Function may or may not have a return statement 


Let us define these terms formally : 


Fun i z 3 ` r 
ction Header The first line of function definition that begins with keyword def and ends with a colon 
(=), specifies the name of the function and its parameters 


z) 


Parameters Varia 
Function Body The block of stateme! 


Indentation 
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bles that are listed within the parentheses of a function header 


nts / indented-statements beneath 


action performed by the function. i 
The function body may or may not return any value. A function returns a value through 


a return statement, e.g, above given sum() is returning a value stored in variables, byt 
function greet( ) is not returning a value. 


A function not returning any value can still h 
expression or value. Examples below will make it clearer. 


of a statement (convention is four spaces) within a 
block have same indentation. 


function header that defines the 


ave a return statement without any 


The blank space in the beginning 
block. All statements within same 


Let us now have a look at some more function definitions. 


# Sample Code 1 


def sumOf3Multiples1(n): 
=n* * * 
sen*ien*2+n*3 es Both these functions are doing the same thing BUT 


first one is returning the computed value using 


return s 
return statement and 
second function is printing the computed value 
# Sample Code 2 using print( ) statement 


def sumOf3Multiples2(n) : 
s=n*¥1+n*2+n*3 
print(s) 


Consider some more function definitions: 


# Sample Code 3 # Sample Code 4 

def areaOfSquare (a) : def areaOfRectangle ( a, b) : 
returna *a return a * b 

# Sample Code 5 # Sample Code 6 

def perimeterCircle( r ) : def perimeterRectangle( 1, b) : 
return (2 * 3.1459 * r) return2*(1+b) 

# Sample Code 7 


def Quote(): 
print("\t Quote of the Day") 
print ("Act Without Expectation! !") 
print("\t -Lao Tzu") 


For all these function definitions, try identifyi i 
casually, while reading them.) » try identifying their parts. (Not as an exercise, just do it 


A functi initi A ; 
execute the sabak mtd user-defined object function. The function definition does not 
y; this gets executed only when the function is called or invoked. In the 


following lines, we are discussi: i u 
7 ng how to invok i i 
eee eas eels is iaa e functions, but before that it would be usef ] to 


Chapter 3 : WORKING WITH FUNCTIONS 


3,3.1 Structure of a Python Program 


In a Python program, generally all function definitions are given at the top followed by 
statements which are not part of any functions. These statements are not indented at all. These 


are often called from the top-level statements (the ones with no ee), The Python 
interpreter starts the execution of a program/script from the 


top-level statements. The top ievel statements are part of the 


enansa 


main program. Internally Python gives a special name to By default, Python names the: 

top-level statements as __main_. ‘segment with top-level 
. | statements (main program) as 

The structure of a Python program is generally like the one —main_ 

shown below : 


def function1( ) : 
def function2( ) : 


def function3( ) : 


Python names the segment with top-level 
statements (no identation) as __main_. 
Python begins execution of a program from 
the top-level statements i.e., from 
# top-level statements here ` ei unisi efi 


main 
iH —! am 
statement1 J 


statement2 i eza. 


ananin riinan 


Python stores this name in a built-in variable called _name__ (i.e., you need not declare this 
variable ; you can directly use it). You can see it yourself. In the 


: __main__ segment of your 
program if you give a statement like : į 
i 
: Í 
print( _name_) | 
l i 
Python will show you this name. For example, run the following code and see it yourself | 
$ 
def greet : The top-level statements, i.e., the _ main__ t 
8 , ( ) ‘ segment of this Python program. Python will start { 
print("Hi there!") execution of this program from the segment. | 


print("At the top-most level right now") A 
print("Inside" 


» _hname_) 


Upon executing above program, Python will display : 


At the top-most level right now 


Inside _main a 


Notice word * __main__* in the output by Python 
interpreter. This is the result of statement : 


print(..., _name_) 


3.4 FLOW OF EXECUTION IN A FUNCTION CALL 
Let us now talk about how the contr 
function call. You already know that a function 1s called ( 


the function name, followed by the values being sent enc 


invoke a function whose header looks like : 


def sum (x, y) : 
the function call statement may look like a 


j 
j 
| 
| 
i 


s shown below : 


sum (a, b) 


where a, b are the values being passed to the function sum( ). 


Let us now see what happens when Python interpreter 
encounters a function call statement. 

The Flow of Execution refers to the order in which st 
are executed during a program run. 

Recall that a block is a piece of Python program text that is 
executed as a unit (denoted by line indentation). A function 
body is also a block. In Python, a block is executed in an 


execution frame. 


atements 


An execution frame contains : 
© some internal information (used for debugging) 
name of the function 
© values passed to function 
© variables created within function 
© information about the next instruction to be executed. 


ol flows (i.e. the flow of exec 
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ution of statements) in case of a 
or invoked, or executed) by providing 
Josed in parentheses. For instance, to 


£ ow OFIERZE | 
The Flow of Execution refers to 
the order in which statements 
are executed during a program 
run. 


R 


OT. A 


a ) 
e Flow of Execution refers a 


the order in which aaa 
J 


are executed during a program- 
run. a 


Whenever a function call statement is encountered, an execution frame for the called function is 
created and the control (program control) is transferred to it. Within the function’s execution 
frame, the statements in the function-body are executed, and with the return statement or the last 
statement of function body, the control returns to the statement wherefrom the function was 


called, i.e., as: 


B def func( ): 
3 : 
return 
Function call will send 
the control-flow to the K 
function definition. #_ main 
func( ) 
print(...) 


program 3.1 code. 


Last statement of the function 
definition will send the control 


back to where‘rom the 
function was called. 


Let us now see how all this is done with the help of an example. Consider the following 
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3.1 Program to add two numbers through a function 


# program add.py to add two numbers through a function 


pogran def calcSum (x, y) : 


=x+y 
returns 


# statement 1 
# statement 2 


num1 = float(input( "Enter first number :") ) 
num2 = float (input( "Enter second number :" ) ) 
sum = calcSum(num1, num2) 

print ("Sum of two given numbers is", sum) 


Program execution begins with first statement of __main__ 
segment. (def statements are also read but ignored until 
called. It will become clear to you in a few moments. Just read 
on.) 

(Please note that in the following lines, we have put up some 
execution frames for understanding purposes only; these are 
not based on any standard diagram.) 


Number indicating next 


statement to be executed \ 


__main__ (add.py) 


num1 = float(input("Enter first number :")) - - 


num2 = float(input ("Enter second number sy) 
sum = calcSum (num1, num2) H tells the currently 
executing statement 


print("Sum of two given numbers is", sum) 


Data : 
numl = 3.0 < 


oi S el AEA a as on ees | 


This is datapart of _main 


_main__ (add. py) 3 | 


num1 = float(input( “Enter first number :" )) 


num2 = float(input( "Enter d number :" )) == 
| (input( "Enter second num )) [2> 
| Sum = calcSum (num1, num2) 


print("Sum of two given numbers is", sum) | 
D S 
Data : l 


num1 
num2 


3.0 velaneeeret 


70 eeresecccccrsrensessensneneneanaeree re” j 


i 


To see 
Warking of a function 
in action 


opao 


oe 


Scan 
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#1 (statement 1) 
# 2 (statement 2) 
# 3 (statement 3) 
#4 (statement 4) 


ee Ki 


JER 26) 
Program execution begins with. 
first statement of __main__ 
segment. ; 


wi 


——— 


Python Console 


Enter first number : 3 


Statement 1 executed — 
on console 


Python Console “| 


Enter first number : 3 


| Enter second number : 7 


ae ie wl 


Statement 2 executed - 
on console 
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SSE | neers a function call statement, hence 
. e 


Stater 
calcSum( 


}'s execution frame is created, 

The values from _main__ are Passed tg ; 
Function calcSum( ) receives the alias it, 
variables x and y. in 
Now the statements of calcSum( )+ bod 
will be executed. ly 


: L 
| calcSum (x, » 


s=X+y i 


__main__ (add.py) 


Enter first number 2") ) 


el 


f numi = float(input(" 
| num2 = float(input (“Enter second number :") ) 


sum = calcSum (num1, num2) 


| print("Sum of two given numbers is", sum) 
return s 
Data: 
$ | Data : 
Bae a net esceennpeannenece wee pe x = 3.0 


Function calcSum( aS execution Si2howsiccccsssssrecseecerse disap eceseus mer 
f 
Internal Memory This is data part ai 
g 7.0 = 10.0 function calcSumi ) 
3.0 + 7.0 = 10. 


. 
. 
ae 


vet Statement 1 of function 


body execuied - in memory 


| return s 


| Data : a 
| x=3.0 a” 
| y=7.0 s=10.0 


With last statement of function body, control returns to the point wherefrom the 
function was called, Since the last statement of function body is a return statement 
returning value of s, value of s is given back to _main__, which stores it to 
variable sum. This completes the execution of statement 3 of _ main . 


| 


__main__ (add.py) | 4 | 
num1 = float(input(“Enter first number :") ) | 


num2 = float(input("Enter second number :")) 
sum = calcSum (numi, num2) | 


penan 


s=xty 
returns =- -------- 


print("Sum of two given numbers is", sum) 


Data : 


Retrun value of calcSum{ ) gets en, nunt 8.0 
swored in sum variable of _main_ “tub num? = 7.0 ua SUM = 10 Oa 


Lorren seosesensessnst" 


SE 
| —main__ (add.py) Python nae a 
| | | DER] 


num1 = float(input("Enter first number :")) 
num2 = float(input( "Enter second number :")) 


| | 
sum = calcSum(num1, num2) 
! print("Sum of two gi is® 
| print( wo given numbers is", sum)- ---- Sum of two given numbers is 10.0 
| Data : i 


t 


Statement 4 executed — 


|- nml = 3.0 
num2 = 7.0 sum = 10.0 


A i n. à 
| on console 


Chopte 
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So we can say that for above program the statements were executed as: 
main.1 > main.2 > main.3 > calcSum.1 > calcSum.2 > main.3— main.4 
(As you can see that we have shown a statement as its <seginent-name>.<statement-nuniber>) 


Now that you know how functions are executed internally, let us discuss about actual flow of 
execution. 

In a program, Python starts reading from line 1 downwards. Statements are executed one at a 
time, in order from top to bottom. While executing a program, Python follows these guidelines : 


© Execution always begins at the first statement of the program. 


Comment lines (lines beginning with a #) are ignored, i.e., not executed. All other 
non-blank lines are executed. 

© If Python notices that it is a function definition, (def statements) then Python just 
executes the function header line to determine that it is proper function header and 
skips/ignores all lines in the function body. 


© The statements inside a function-body are not executed until the function is called. 


© In Python, a function can define another function inside it. But since the inner function 
definition is inside a function-body, the inner definition isn’t executed until the outer 
function is called. 


© When a code-line contains a function-call, Python first jumps to the function header line 
and then to the first line of the function body and starts executing it. 


© A function ends with a return statement or the last statement of function body, whichever 
occurs earlier. 

> If a ie, has a statement like retum 
<variable/value/expression> (e.g., return a or return 22/7 or return a + b etc.) then the 
control will jump back to the function call statement and completes it (c.g., if the returned 
value is to be assigned to variable or to be printed or to be compared or used in any type 
of expression etc. ; whole function call is replaced with the return value to complete the 
statement). 


the called function returns value 


© If the called function does not return any value i.e., the return statement has no variable or 
value or expression, then the control jumps back to the line following the function call 


statement. 


If we give line number to each line in the program then flow of execution can be represented 


just through the line numbers, e.g., 
To see 
# program add.py to add two numbers through a function ee 


def calcSum (x, y) : 


2 > 
S=X+y # statement 1 RENE 
Ag 
returns # statement 2 
[ler 
i Scan 
numl = float(input ("Enter first number :" )) #1 (statement 1) QR Code 


num2 = float(input("Enter second number :" )) 
Sum = calcSum (num1, num2) 
print("“Sum of two given numbers is", sum) 


wwmoan nun WDM PR 


#2 (statement 2) 
# 3 (statement 3) 
#4 (statement 4) 


n aT La 
AEE eae tie 
$ EENS 


Sees 


EE. = omui 7s 
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times known as tracing the program. As 


: is also some 
Determining flow of execution on paper 1S a am can also be represented as follows. 


i ve pro: 
above discussion the flow of execution for above progr: 


es als $39 


reren pavenneeeneneed 


r 


2> 6> 7> 822 


j mecuted 
function called and execu! = 
s i ned that it is a f P 

Line 1 is ignored because it is a comment ; line 2 is executed aen appi areg iiaa a 

ah 1518 tire function-body (i.e., lines 3 and 4) is ignored; lines ) Sa a : Fa 
hea er, soen ll, so control jumps to the function header (line 2) an : ine of 
f serra ay ie line 3, function returns after line 4 to line containing function call statement 
unction-body, i.e., , 
ie., lines and then to line 9. 
Please note that the function calling another function is called the caller and = Sine being 

z | 4 

called is the called function (or callee). In above code, the __main__is the caller of ca cSum( ) 
function. 


3.4.1 Arguments and Parameters : . S 
As you know that you can pass values to functions. For this, you define sae tovreeeiva 
values in function definition and you send values via a function call statement. For example, 
consider the following program : 

def multiply (a,b): 
print (a * b) 


y=3 
multiply (12, y ) # function call -1- 
multiply (y, y ) # function call -2- 
x=5 
multiply (y, x ) # function call -3- 


You can see that above program has a function namely multiply() that receives two values. 


This function is being called thrice by passing different values. The three function calls for 
multiply() are : 


multiply (12, y ) # function call -1- 
multiply (y, y ) # function call -2- 
multiply (y, x ) # function call -3- 


With function-call 1, the variables a and b in function header will receive v 
With function-call 2, the variables a and b in function header w 
With function-call 3, 


alues 12 and y respectively. 


ill receive values y and y respectively. 
the variables a and b in function header will receive values y and x respectively. 
As you can see that there are values bein 


& Passed (through function call) and values being 
received (in function definition). Let us de 


fine these two types of values more formally. 
> arguments : Python refers to the values be 


ing passed as arguments and 
© parameters : values being recei 


ved as parameters, 


So you can say that arguments appear in function call stateme, 


nt and parameters appear in function 
header. PP f 
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Arguments in Python can be one of these value types : 


literals © variables 


© expressions 
But the parameters in Python have to be some names i.e., variables to hold incoming values. 


The alternative names for argument are actual parameter and actual argument. Alternative 
names for parameter are formal parameter and formal argument. So either you use the word 
combination of argument and parameter or you can use the combination actual parameter and 
formal parameter ; or the combination actual arguments and formal arguments. 

Thus for a function as defined below : 


i SO Se IRS N 
def multiply (a,b): ENO TE ees oS, 
z š t 
print (ab) The values being passed through a 
n id f ; ` function-call statement are called 
The following are some valid function call statements : arguments (or actual parameters 
s F or actual arguments). The values 
multiply( 3, 4 ) # both literal arguments -received in the function definition/ 
p=9 


header are called parameters (or 
multiply(p, 5) # one literal and formal parameters or formal 


# one variable argument arguments). 
multiply( p, p+1) # one variable and 
# one expression argument 
But a function header like the one shown below is invalid : 


def multiply (a+1,b): 


oo 


Error!! A function header cannot have 
iG expressions. It can have just names or 

identifiers to hold the incoming values. 
Please remember one thing — if you are passing values of immutable types (e.g., numbers, strings 
etc.) to the called function then the called function cannot alter the values of passed arguments 


but if you are passing the values of mutable types (e.g, list or dictionaries) then called function 
would be able to make changes in them?. 


FUNCTIONS’ BASICS 


ri P e—a - - - en wees 


This ‘Progress 


a ne Progress In Python 3.2 


in Python’ session is aimed at strengthening the functions’ basics like : functions’ 
terminology, function anatomy, argument vs parameter and flow of execution during function calls. 


f Please check the practical component-book — Progress in Computer LN 

4 Science with Python and fill it there in PriP 3.2 under Chapter 3 after 5 

w practically doing it on the computer. ad 
>>> <<< 


ee is somewhat similar to function call mechanisms, which are of two types : Call by Value and Call by Reference. In Call by 
aue mechanism, the called function makes a separate copy of passed values and then works with them, so original values 


remain unchanged. But with Call by Reference mechanism, the called function works with original values passed to it, thus 
any changes made, take place in original values only. 


In Python, immutable types implement Cali By Value mechanism and mutable types implement Call By Reference mechanism. 
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3.5 PASSING PARAMETERS 
Uptill now you learnt that a function call must provide all the values as required by function 
definition. For instance, if a function header has three parameters named in its header then the 
function call should also pass three values. Other than this, Python also provides some other 


ways of sending and matching arguments and parameters. 


1 a : To see 
Python supports free types of formal arguments/parameters Pisin ac ios 
1. Positional arguments (Required arguments) in action 
2 Det Tem 
2. Default arguments ok | 
A 
3. Keyword (or named) arguments ead 
Ra 
Let us talk about these, one by one. ne 
QR Code 


3.5.1 Positional/Required Arguments 
Till now you have seen that when you create a function call statement for a given function 
definition, you need to match the number of arguments with number of parameters required, 
For example, if a function definition header is like : 


def check (a, b, c): 


then possible function calls for this can be : 


check ( x, y, Z) #3 values (all variables) passed 
check (2, x, y) #3 values (literal + variables) passed 


check (2, 5, 7) #3 values (all literals) passed 


See, in all the above function calls, the number of passed values (arguments) has matched with 
the number of received values (parameters). Also, the values are given (or matched) position- 
wise or order-wise, ie., the first parameter receives the value of first argument, second 
parameter, the value of second argument and so on e.g., 


In function call 1 above : In function call 2 above : In function call 3 above : 
} a will get value of x } a gets value of 2 ; ©} a gets value 2; 
> b will get value of y © b gets value of x ; > b gets value 5; 
 c will get value of z ©} c gets value of y ©} c gets value 7 


Thus, through such function calls, 


© the arguments must be provided for all parameters (Required) 


© the values of arguments are matched with parameters, eo a ae’ e rae Te = 
position (order) wise (Positional) E O E ae 

. When the function call 
This way of parameter and argument specification is called statement must match the 
Positional arguments or Required arguments or Mandatory number and order of arguments 

arguments as no value can be skipped from the function call as defined in the function 
definition, this is called the 


or you cannot change the order e.g., you cannot assign value 
of first argument to third parameter. 


positional argument matching: 


Cha, 
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3.5.2 Default Arguments 


What if we already know the value for a certain paramete 
function, we know that mostly the rate of interest is 10% 
define this value as the default value. 


T, e.g, in an interest calculating 
then there should be a provision to 


Python allows us to assign default value(s) to a function’s parameter(s) which is useful in case a 
matching argument is not passed in the function call statement. The default values are 


specified in the function header of function definition. Following is an example of function 
header with default values : 


def interest (principal, time, rate = 0.10): N 


This is default value for parameter rate. If in a function call, the value for rate is 
not provided, Python will fill the missing value (for rate only) with this value. 


The default value is specified in a manner syntactically similar 
to a variable initialization. The above function declaration 


provides a default value of 0.10 to the parameter rate. "Non-defaut Sree ELE 
follow default argument. ` 


F = Leergang an n 


Now, if any function call appears as follows : 
si_int = interest (5400, 2) # third argument missing 


then the value 5400 is passed to the parameter principal, the value 2 is passed to the second 
parameter time and since the third argument rate is missing, its default value 0.10 is used for 
rate. But if a function call provides all three arguments as shown below : 


si_int = interest (6100, 3, 0.15) #no argument missing 
SDECAUETIPA RAB ETE R OIGE. 
then the parameter principal gets value 6100, time gets 3 and ;DEFADET PARAMETER UNN 


the parameter rate gets value 0.15. A parameter having default 
value in the function header is 


That means the default values (values assigned in function known as a default parameter, 


header) are considered only if no value is provided for that 
parameter in the function call statement. 


One very important thing you must know about default parameters is : 


In a function header, any parameter cannot have a default value unless all parameters appearing on 
its right have their default values. 


For instance, in the above mentioned declaration of function — 
interest( ), the parameter principal cannot have its default pate 
value unless the parameters on its right, time and rate also 


A parameter having a default ` 


have their default values. Similarly, the parameter time value in function header 
cannot have its default value unless the parameter on its becomes optional in function 
i i i ati jon call may or ma 
right, i.e., rate has its default value. There is no such condition call. Function call may y 


f iea not have value for it. 
or rate as no parameter appears on its right. ve 


Thus, required parameters should be before default parameters. 
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eeu : values : 
Following are examples of function headers with default 


: # legal 
def interest (prin, time, rate = 0-10) : # illegal (default parameter 
def interest (prin, time = 2, rate) : # before required parameter) 
. = : # illegal 
def interest (prin = 2000, time = 2, rate) # (same reason as above) 
# legal 


ime = 2, rate = 0.10) : 


def interest (prin, t 
f rate = 0.10) : # legal 


def interest (prin = 209, time =2, 


n a aieteaind : 5 
Default arguments are useful in situations where m4 NOTES - ' 

j 7 S əy provide See re 
parameters always have the same value. Also they P aie s- 


greater flexibility to the programmers. Thestedefault valies TAT 


7 es of default parameters are listed below : parameters are considered on} 
Some advantag efault p if no value is provided for tha 
eas ad 


© They can be used to add new parameters to the existing parameter in the function cal 
functions. statement. — Mc 


© They can be used to combine similar functions into one. 


3.5.3 Keyword (Named) Arguments 


The default arguments give you flexibility to specify th 
can be skipped in the function call, if needed. However, still you cannot change the order of the 
ave to remember the correct order of the arguments. 


e default value for a parameter so that it 


arguments in the function call ; you h 
To have complete control and flexibility over the values sent as arguments for the 
corresponding parameters, Python offers another type of arguments : keyword arguments. 


af Python offers a way of writing function calls where you can write any argument in any order 
provided you name the arguments when calling the function, as shown below : 


interest (prin = 2008, time = 2, rate = 0.10) 
interest (time =4, prin = 2600, rate = 0.09) 
interest (time =2, rate = 0.12, prin = 2000) 


All the above function calls are valid now, even if the order of arguments does not match the 
order of parameters as defined in the function header. 


In the 1st function call above, 


prin gets value 2000, time gets value as 2 and rate as 0.10. 


In the 2nd function call above, 


prin gets value 2600, time gets value as 4 and rate as 0.09. 


In the 3rd function call above, 


prin gets value 2000, time gets value as 2 and rate as 0.12. O Tare 
Keyword arguments are the 


This way of specifying names for the values being passed, in the named arguments with assigne 
’ 


function call is known as keyword arguments values being passed in the 
function call statement. 
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9.5.4 Using Multiple Argument Types Together 
python allows you to combine multiple argument types in a function call. Consider the 
following function call statement that is using both positional (required) and keyword arguments : 

interest (50900, time = 5) 
The first argument value (5000) in above statement is representing a positional argument as it 
will be assigned to first parameter on the basis of its position. The second argument (time = 5) is 
representing keyword argument or named argument. The above function call also skips an 
argument (rate) for which a defauli value is defined in the function header. 

Rules for combining all three types of arguments 

Python states that in a function call statement : 


© anargument list must first contain positional (required) arguments followed by any keyword 
argument. 


© Keyword arguments should be taken from the required 
arguments preferably. 


© You cannot specify a value for an argument more than Having a positional arguments 
once. 


‘after keyword arguments will 
result into error. 
For instance, consider the following function header : 


def interest( prin, cc, time = 2, rate = 0.09) : 


return prin * time * rate 


Itis clear from above function definition that values for parameters prin and cc can be provided 


either as positional arguments or as keyword arguments but these values cannot be skipped 
from the function call. 


Now for above function, consider following call statements : 


Legal / 
illegal 


Function call statement 


Reason | 
4 


interest(prin = 3000, cc = 5) non-default values provided as named arguments 


interest(rate = 0.12, prin = 5000, cc = 4) 


for the argument skipped, there is a default value 
legal with keyword arguments, we can give values in 
any order | 
legal positional arguments before keyword argument; | 
for skipped argument there is a default value | 
| 

illegal 


illegal 


\ 

| 

keyword arguments can be used in any order and | 
interest(cc = 4, rate = 0.12, prin = 5000) | 


interest(5009, 3, rate = 0.05) 


interest( 


rate = 0.05, 5000, 3 ) 


keyword argument before positional arguments | 


= 
| 
i 


interest (500, prin = 300, cc =2) 


interest (Seed, principal = 300, cc = 2 ) 


undefined name used (principal is not a parameter} | 


illegal 


i ‘ 
nterest (500, time = 2, rate = 0.05 ) illegal 


i 5 Eden | 
A required argument (cc) is missing. 
B 5 7e. 
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Now consider the following program that creates and uses the function interest(), we have been 


i discussing so far. 
| : 3.2 Program to calculate simple interest using a function interest() that can receive principal amount, time 
| ; and rate and retums calculated simple interest. Do specify default values for rate and time as 10% ang 


rogram 2 years respectively. 


def interest(principal, time = 2, rate = 0.18) : 


return principal * rate * time 


#_ main 
prin = float (input (“Enter princip 
print("Simple interest with defaul 


al amount :")) 
t ROI and time values is ary 


sil = interest(prin) 

print("Rs.", sil) 

roi = float (input ("Enter rate of interest (ROI) :”)) 
time = int(input ("Enter time in years s"y) 
print("Simple interest with your provided ROI and time values is :") 
si2=interest(prin, time, roi/10@) 


print("Rs.", si2) 


Sample run of above program is as shown below : 


Enter principal amount : 6700 
Simple interest with default ROI and time values is : 


Rs. 1340.0 
Enter rate of interest (ROI) : 8 


Enter time in years : 3 
Simple interest with your provided ROI and time values is : 


Rs. 1608.0 


3.6 RETURNING VALUES FROM FUNCTIONS 
Functions in Python may or may not return a value. You already know about it. There can be 
broadly two types of functions in Python : 


© Functions returning some value (non-void functions) 


© Functions not returning any value (void functions) 


1. Functions returning some value (Non-void functions) 
The functions that return some computed result in terms of a value, fall in this catego 
computed value is returned using return statement as per syntax : 


ry. The 


return <value > 
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The value being returned can be one of the following : 
sa literal © a variable 

For example, following are some legal return statements ; 
return 5 # literal being returned 
return 6+4 


returna # variable being returned 
return a**3 


return (a+ 8**2) / b 
returna+b/c 


When you call 
don’t be. Just read on, please ©. 


Suppose if we have a function : 


def sum (x, y) : 
s=x+y 
returns 


And we are invoking this function as : 
o 


WW 


an expression 


# expression involving literals being returned 


# expression involving a variable and literal, being returned 
# expression involving variables and literals, being returned 


# expression involving variables being returned 


a function that is returning a value, the returned value is made available to the 
caller function/program by internally substituting the function call state 


ment. Confused ? Well, 


result = sum(5, 3) a The returned value from sum{ ) will replace this function call. 


After the function call to sum() function is successfully completed, 


function has give 
internally substitute the function call statement. That is, now t 
(internally) : 


result =8 


This is the returned value after successful completion of 
sum(5, 3). Thus result will now store value 8. 


(i.e. the return statement of 


n the computed sum of 5 and 3) the returned value (S in our case) will 


he above statement will become 


© The returned value of a function should be used in the caller function/program 
inside an expression or a statement e.g., for the above mentioned sum( ) function, 
following, statements are using, the returned value in right manner : 


add_result = sum (a, b) <— The returned valued being used in assignment statement 


print(sum(3, 4)) Cid returned v 


glued being used in print stare: 


ent 


at op mee The returned valued being used in a relational expression 


If you do not use their value in any of these ways and just 
give a stand-alone function call, Python will not report an 
error but their return value is completely wasted. 


age ERT, 

Khon Pchcirmmine spn 88: 
Oe 
niana X 
ERGI TA 


Functions returning a value are : 
also known as fruitful functions. 


mik a E Oa 


SESE 


ene sscnapaceisacusatet 


4 
i 
1 
| 
\ 
Hi 
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De A ge se A TON 
y 
not use 


E p ee: 

Caution l df you do 

function call of a functio 
returning some value inside an, 
other expression or statem. 


© The return statement ends a function execution even if it 
is in the middle of the function. A function ends the 

moment it reaches a return statement or all statements in 
atemen 


function-body have been executed, whichever occurs re m 
earlier, eg, following function will never reach print( ) function will be executed but its 


statement as return is reached before that. paria r t 
def check (a) : fo fe, Ant eee 
a =math.fabs(a) > 

return a 


print(a) 4 ~~ This statement is unreachable because check() function 


will end with return and control will never reach this 
statement 


check(-15) 


` 
è 
. 


2. Functions not returning ony value (Void functions) 


void function but 
no return statement 


computed 
value or final value to the caller are called void functions. A void function may or may not 


The functions that perform some action or do some work but do not return any 


have a return statement. If a void function has a return statement, then it takes the following 


form : 
For a void function, return statement does not have any 
retin) i= 


value/expression being returned. 


that is, keyword return without any value or expression. Following are some examples of void 


functions : 


Another void function with no return statement 


ie 
def greet1(name) : «——— 


print("hello", name) 


def greet( ): 


N print("helloz") 


void function with a 
retur statement 


def quote( ) : 
print("Goodness counts! 13) 
return 


def prinSum (a, b, €): 
print("Sum is", a+ 
return 


b+c) \ 


Another void function 
with a return statement 


The void functions are generally not used inside a statement or expression in the caller ; their 
function call statement is standalone complete statement in itself, e.g., for the all four above 
defined void functions, the function-call statements can take the form: 


greet( ) 
greet1( ) eee As you can see that all these function call 
Statent entis are §. Le. ved 
quote( ) atements are standalone, he. these are 
not part of any other expression or statement 


prinSum(4, 6) J 


The voi i 
init Neal ae not return a value but they return a legal empty value of Python i.e., 
. Y void function returns value None to its caller. So if need arises you can assign this 


return value somewhere 


as per your needs, e, 8, consider 


following program code : 


ie MT EER ieee - 


Axe LS 


NITH FUNCTIONS T 
3: WORKING V 1] 3 
Chapter x 
def greet( ): 
print("helloz") 


a=greet( ) 
print(a) ‘A void function (sometimes 
called | non-fruitful functions} 
returns legal empty value of 
, Python ie., None to its caller, 
helloz 


The above program will give output as : 


None 


Yes, you guessed it right — helloz is Printed because of gree 


t( )’s execution and None is printed 
as value stored in a because greef( ) returned value None, 


which is assigned to variable a. 
Consider the following example : 


# Code 1 # Code 2 

def replicate() : def replicate1() : 
print ("$$$$$") return "$$$$$" 

print(replicate()) print(replicate1()) 


Here the outputs produced by above two codes will be: 


Outputs : Code 1 Code 2 
$$$$$ $$$$$ 
None 


I know that you know the reason, why ? 


So, now you know that in Python you can have following four possible combinations of 
functions : i 


(i) non-void functions without any arguments 


(ii) non-void functions with some arguments 
(iii) void functions without any arguments 
(iv) void functions with some arguments 


Please note that a function in a program can call any other function in the same program. 
3.6.1 Returning Multiple Values 


Unlike other programming languages, Python lets you return more than one value from a 
function. Isn't that useful ? You must be wondering, how ? Let's find out. 


- To return multiple values from a function, you have to ensure following things : 
(i) The return statement inside a function body should be of the form given below : 
return <valuel/variablel/expressioni>, <value2/variable2/expression2>, .. 


(ii) The function call statement should receive or use the returned values in one of the 
following ways : 
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P €., aS Shown b l 
a Either receive Vv form a tu variab y , hi 

the returned alues in le le 1 

( ) 


. The return statement returning comma 
def squared(x, y, 2)? separated multiple values (expressions) 


* 
Variable ¢ that receives the returnx*x,y*y,Zz*Z 
returned values is a tuple 
(reell ee aparea E aaa Cee Now you can use the tuple ¢ with 
values are taken as a tuple) t = squared(2,3,4) 


usual operations 
print(t) Tuple t will be printed as: 
(4, 9, 16) 


’ ‘ lues of tuple by specifying the same 
directly unpack the received va s ; e 
Sci af vaikis on the left-hand side of the assignment in function call, eg. 


def squared(x, y, z): 
* ty; 2*2 Now the received values are in the 

E E form of three different variables, 
jal cll cacmaccmiaa not as a tuple 

v1, v2, v3 = squared(2,3,4) 

print("The returned values are as under:") 

print(v1, v2, v3) Output produced as:: 

The returned values are as under: 

4916 


Now consider the following example program. 


3.3 Program that receives two numbers in a function and returns the results of all arithmetic operations 
(+, -, *, /, %) on these numbers, 


rogram 
def arCalc(x, y) : 


return x+y, x-y, x*y, x/y, x%y 


#_main_ 

num1 = int(input("Enter number 1 : ")) 

num2 = int(input("Enter number 2 : ")) 

add, sub, mult, div, mod = arCalc(num1, num2) 
print("Sum of given numbers : ", add) 

print( "Subtraction of given numbers :", sub) 
print ("Product of given numbers :", mult) 
print ("Division of given numbers 2", div) 
print("Modulo of given numbers :", mod) 


Sample run of above Program is as shown below : 
Enter number 1 : 13 
Enter number 2 : 7 
Sum of given numbers : 20 
Subtraction of given numbers : 6 
Product of given numbers : 91 
Division of given numbers : 


1.8571428571428572 
<i Modulo of given numbers : 6 
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Composition in general r 
em 


asa part of larger stat ANET 


The arguments of a function call can be any kind of e 
ə an arithmetic expression e.g., 
greater( (4+5), (3+4) ) 


xpression ; 


© a logical expression e.g., 
test(aorb) 


© a function call (function composition) 
int(str(52)) igs i 
x ‘i ü ‘unction call as part of large. 
int(float( 52.5 ) * 2) Z function call ie., abdin 
int(str(52) +str(10)) 


eg., 


The above examples show you composition of function calls 
- a function call as part of larger function call. 


Composition in general refers to. 
using an expression as part of a. 
larger expression; or a statement’ 


VARIABLES asa art of larger statement, z i 
3.8 SCOPE OF bes eae oe 


The scope rules of a language are the rules that decide, in which 
particular piece of code or data item would be known and can 
understand Scope, let us consider a real-life situation. 


part(s) of the program, a 
be accessed therein. To 


Suppose you are touring a historical place with many monuments. To y 


ticket. Say, you buy a ticket (let us call it ticketl) to go see a monur 
monumentA, your ticke 


isit a monument, you have to buy a 
mentA. As long as, you are inside 


onumentA, the validity of ticket1 is 
ticket1 to visit any other monument. To Visit monumentB, you have to buy another 


50, we can say that scope of ticket! is monumentA and scope of ticket2 is monumentB. 
Say, to promote tourism, the government has also launched a city-based ticket 


city-based ticket can visit all the monuments in that city. So we c 
city and all the n 


tl is valid. But the moment you come out of m 
over. You cannot use 


ticket, say ticken. 


(say ticket3). A person having 


an say that the scope of ticket3 is the whole 
ionuments within city including monumentA and monumentB. 


Now let us understand scope in terms of Python. In wad 
programming terms, we can say that, scope refers to part(s) Part(s) of program within which 
of program within which a name is legal and accessible. If it 


a name is legal and accessible, is 
seems confusing, I suggest you read on the following lines called scope of the name. 
and examples and then re-read this section. 


There are broadly 
1. Global Scope 


two kinds of scopes in Python, as being discussed below. 


A name declared in top level segment (__main__) of a program is said to have a global scope 


and is usable inside the whole program and all blocks (functions, other blocks) contained within 
the program, 


(Compare with real-life example giverabove, we can say that ticket3 hns global scope within a city us tt ts 
usable in all blocks within the city.) 


2. Local Scope 


is said to have local 
function and the other 
nts also 


on-body 


A name declared in a functi 
it can be used only within this 
r it. The names of formal arguine 


scope i.e., 
blocks contained unde 
have local scope. 

(Compare with real-life example git 
ticket] and ticket? have local scopes within 


monumentB respectively.) 
A local scope can be multi-level; there can be an enclosing local scope having a nested local 


scope of an inside block. All this would become clear to you in coming lines. 


A local variable is a variable defined 
petin a function. Such variables are 


cen above, we can say that ithir 
monumentA and „said to have local scope, — 


Scope Example | 


Consider the following Python program (program 3.1 of section 3.4) : 


1. def calcSum (x, y) : 


a z=x+y # statement -1- 
Ja return Z # statement -2- 
4. num1 = int( input( "Enter first number ")) # statement -1- 
5. num2=int( input( "Enter second number ")) # statement -2- 
6. sum= calcSum(num1, num2 ) # statement -3- 
F 


print('Sum of given numbers is', sum) # statement -4- 


A careful look on the program tells that there are three variables num1, num2 and sum defined in 
the main program and three variables x, y and z defined in the function calcSum( ). So, as per 
definition given above, num1, num2 and sum are global variables here and x, y and z axe local 
variables {local to function calcSum() ). 

Let us now see how there would be different scopes for variables in this program by checkin; 
the status after every statement executed. We'll check the status as per the flow of execution of 
above program (refer to section 3.4) 


1. Linel : def encountered and lines 2-3 are ignored. 


=n z m 
A Si 
L ` j e A 
Pc es 2. Line4 (Main.1) : Execution begins and global 
| pees ae n i environment is created. num1 is added to this 
Fi \ environment. 
§ f Kai 
~w f “a a ` 
i P k, > 
iz bo ad 4 Global Environment » 
numi F= 3 i) 
3. Line5 (Main.2) : num? is also added to the glob num G= 7 | 
environment. e global g 
££ 


, 
kan 
. 
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f global Environment ` 4. es (Main.3) : calcSum() is invoked, soa 
f nes h, ocat environment for cal is created: 
fi els 7 as > formal arguments eiii oreated; 

f nme- for calcSum( ) ne Uistanents x and y are created in local 
i x [a3 environment, 
% y ic 7 f yer 
\ : 
ea $ Senas 
@ Global Environment my 
5, Line2 (calcSum.1) : variable z is f num G3 : X 
° : j L 
created in the local environment. num2 F= 2 a ho soot A 
2a, t ‘3 ; 
ow ya? 
brent x z0% 10 
a 
ai i i 
f Environment : . 
A ee : 6. Line3 (calcSum.2) : value of z is returned to caller (return 
nu i f H 
a E 7 ends the function, hence after sending value of s to caller 
ki om 10 in variable sum (when control is back to Main.3), the local 
environment is removed and so are all its constituents). 
ȚŢ{ ie Y... ae 


7. Line7 (Main.4) : the print statement picks value of sum from its own environment. 


8. Program over. Global environment is also removed with the end of the program. 


As you can see from above that scope of names num, num2 and sum is global and scope of 
names x, y and z is local. 


Variables defined outside all functions are global variables 


These variables can be defined even before all the function definitions. 


Consider the following example : 


x=5 
Variable x defined above all functions. It is also 
def func(a) : a global variable along with y and z 
b=a+1 
return b 


y = input ( "Enter number" ) 
Z =y + func(x) 
print(z) 


Scope Example 2 


Let us take one more example. Consider the following code : 


1, def calcSum(a, b, c) : 
2. s=a+b+c 
3. return s 


4. def average (x, y, Z) : 
5a sm=calcSum (x, y, Z) 


6. return sm / 3 


7. num1=int (input( "Number 1 :") ) 
8. num2= int (input( "Number 2 :") ) 
9. num3 = int (input( "Number 3 :") ) 


10. print("Average of these numbers is", average( num1, num2, num3) ) 


# statement -1- 
# statement -2- 


# statement -1- 
# statement -2- 


# statement -1- 
# statement -2- 
# statement -3- 
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To see 
Variable Scope 


# statement -4- 


Internally the global and local environments would be created as per flow of execution : 


1. Linel : def encountered ; lines 2, 3 ignored. 


2. Lined : def encountered ; lines 5, 6 ignored. 


3. Line7 (Main.1) : execution of main program begins ; 
global environment created ; num1 added to it. {i 


Global Environment 


numi [3 3 


Ty wi 
~Y 


EA 
y% 
f Global Environment 


r numi [F= 3 


num2 E7 4. Lines 8, 9 (Main.2 and Main.3) : add num2 and num3 to 
num3 E 5 global environment. 


5. Line10 (Main.4) : Function average( ) 
Is invoked, so a local environment 
for average( ) is created ; formal 


arguments Y, y and z are created in 
local environment, ‘ 


Global Environment 


g num1 F> 3 EA 
( num2 G+ 7 fz tt \ N 
fund or average( 4 
Bes f f \ 
y 
WV 


3 
y A 7 J 
z E- 5 Pa 


; 
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oe 
6. Lined (average.1) : Function 
calcSum( ) is invoked, so a Global Environment smal Environment $ 
. or avi Yy 
local environment for num B> 3 average( ) w 
calcSum(.) is created, nested num2 [f+ 7 Local S pikan ‘ 
within local environment of num3 [F= 5 4 =. p for calcsun( ) = \ 
average( ) ; its formal im: a 
MAC b 7 f 
arguments (a, b, c) are =g l : 
2 . á c 
created in it. tes, ; 
ta „wW NQ ' 
= = ` ~ ‘ z 
AEN oe “Sea ae oe 
a Local Environment 
aS” Environment for average( ) A 
f numi [> 3 ` \ 7. Linel (caleSum.1) : Variable s is 


created within local environment of 


i num2 Ge i x] 3 Local Environment 
f lcs 
| num3 E} 5 yq-7 i a3 um( ) calcSum( ). 
z fe 5 b ico 7 oo 
4 cHe5 Sax a 
hS s Œ= 15 ii 
~ 
N s 
knees i a — Pas N 
f Global Environment N 
8. Line2 (calcSum.2) : Value of s is f -ma Geel edea 
returned to sm of average( ) and | eal for average( ) `Ñ 
calcSum( ) is over, hence the local Q nar $ aire sms i} 
environment of calcSum( ) is ? +; J 
N z@5 Z 
removed. ‘a, ig 
ag w n ee 
9. Line6 (average.2) : Return value is calculated as sm / 3 (i.e., 15/3 = 5.0) and returned to 
caller (main.4) statement ; average( ) is over so its local environment is removed. 
zs ger a > , na 
* Global Environment DN £ i 
£ num1 [4 3 AN & Global Environment 
E; num2 Q> 7 Local Environment a li numi E} 3 
f ; 5 for average( ) H c E num = 7 f 
a num3 [J= x Ge 3 z@5 j a num3 FE 5 Fe 
RS yEe7 smẸ15,/ AN aid f 
d S PECEL z f 
NG thsi E a value)“ 
im, a ~ 
Se et ee 
10. 


Line10 (Main.4) : The print statement receives computed value 5.0, prints it and program 
is over. (with this global environment of the program will also be removed.) 


Onea EEE 


EAEE E 
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— lifetime of a TETIN. Siina 
Here we want to introduce another term lifetime < me LIFETIME SSeS © 
x thi 7 
, i ‘able. The lifetime of variable is the time for w hich a varia The time for which a variaty 
variable. vy, eh global variables, lifetime 1s entire name remains in memory 
lives in memory. : 


m run (ie. they live in memory as long as the program Is called Lifetime of variable. 
rogra e, they nory as long 2 apr pan 
a and for local variables, lifetime Is their function's ru 


(ie. as long as their function is be 


ing executed.) 


3.8.1 Nome Resolution (Resolving Scope of a Name) 
am, ie., when you access a variable from Within a 


sery reference within a progr 
Forevery name Te also known as LEGB rule. That is, 


program or function, Python follows name resolution rule, 
for every name reference, Python does the following to resolve it : 


(ñ It checks within its Local environment (LEGB) ( or local namespace) if it has a Variable 
with the same name ; if yes, Python uses its value. 

If not, then it moves to step (ii). 

Python now checks the Enclosing environment (LEGB) (e.g., if whether there is a 
variable with the same name) ; if yes, Python uses its value. 

If the variable is not found in the current environment, Python repeats this step to 
higher level enclosing environments, if any. 

If not, then it moves to step (ii). 


(it) 


(tii) Python now checks the Global environment (LEGB) whether there is a variable with 
the same name ; if yes, Python uses its value. 
If not, then it moves to step (iz). 


(iz) Python checks its Built-in environment (LEGB) that contains all built-in variables and 
cae of Python, if there is a variable with the same name ; if yes, Python uses its 
value. l i 


t 


Otherwise Python would report the error : 


name < variable > not defined. 


As yi : 
you can make or that LEGB rule means checking in the order of Local, Enclosing, Global, 
(namespaces) to resolve a name reference. (Fig 3.2) i 


Bui l f-in environm 
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Let us consider some examples to understand this. 


Cose | : y 
Let us understand this with the help of following code : 


def calcSum (x, y) : 
EN, # statement -1- variable num! is a global variable. 


not a local variable 
print(num1) # statement -2- 
return s # statement -3- 


oriable in global scope but not in local scope | 


num1 = int(input( "Enter first number :" ) ) 
num2 = int(input( "Enter second number :" ) ) 
print ("Sum is", calcSum (num1, num2)) 


Consider statement 2 of function calcSum(). Carefully notice that num has not been created in 
calcSum() and still statement2 is trying to print its value. The internal memory status at time of 
execution of statement 2 of calcSum() would be somewhat like : 


1. Python will first check the "i 
Local environment of calcSum() 


for muni] ; Global Environment 

. z numi B 3 
num1 is not found there. Local Environment 

num2 Q- 7 
2 for calcSum( ) 
, x G3 
2. Python now checks for mum, = 4 
) : ye? — 
the parent environment of num1 found here s Eb 10 
in attempt2. > 


calcSum( ), which is Global 
environment (there is not any = 
intermediate enclosing 

environment). 


~ num1 not found in local 
environment (attempt?) 


Python finds num1 here ; so it picks its value and prints it. 


Case 2 : Variable 


2ither in local scope nor in global scope 


What if the function is using a variable which is neither in its local environment nor in its parent 
environment ? Simple! Python will return an error, e.g., Python will report error for variable 
name in the following code as it not defined anywhere : i 


def greet ( ) : ———— This would return error as name is neither in 
i " " local environment nor in global environment ; 
print("hello", name) A 
greet( ) 


Case 3 ` 


Gx = 

Same variable name in local scope as well as in global scope 

If inside a function, you assign a value to a name which is already there in a higher level scope, 
Python won't use the higher scope variable because it is an assignment statement and 
assignment statement creates a variable by default in current environment. 
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consider the following code ; read it carefully : 


For instance, 
def state1( ) : 
ee tigers =15 
print (tigers) 
This statement will create a 
local variable with name 


Global Environment 


tigers EE 95 Local Environment 
for state1( ) 


tigers 3—15 


tigers as it is assignment , n 

statement. It won't refer to tigers =95 

tigers of main program. print tigers 
state1() 
print(tigers) 


The above program will give output as : 


Result of print statement inside statel ( ) function, 


95 wee thus, value of local tigers is printed. 
15 


95 ie ee Result of print statement inside main program. 


thus, value of global tigers is printed. 


That means a local variable created with same name as that of global variable, it hides the global 
variable. As in above code, local variable tigers hides the global variable tigers in function 


state1(). 


What if you want to use the global variable inside local scope? 
If you want to use the value of already created global variable inside a local function without 
modifying it, then simply use it. Python will use LEGB rule and reach to this variable. 

But if you want to assign some value to the global variable reso 
without creating any local variable, then what to do? This is TIN 


because, if you assign any value to a name, Python will create The global statement is a 
a local variable by the same name. For this kind of problem, declaration which holds for the 
Python makes available global statement. entire current code block. It 


To tell a function that for a particula means that the listed identifiers 
e ele a do not create a are part of the globo! ae 


local variable but use global variable instead, you need to A global environment 
write : ; : , 


global <variable name> 


For example, in above code, if you want function statel( ) to work with global variable tigers, 
you need to add global statement for tigers variable to it as shown below : 


def state1( ) : 


, a global tigers 


This aa a not to ie =15 Global Environment 
create local variable with print(tigers 
the name tigers, rather use zene) Beers 38 Local Environment 
global variable tigers. tigers =95 E= 15 for state1( ) 
print(tigers) 
state1() 
print(tigers) A 


3 : WORKING WITH FUNCTIONS 
chapter ~ ` 


ove program will give output as : 


95 ae Result of print statement inside statel{ ) function r 
value of global tigers is printed (which was m i Fae erida Mae 

i s IS modifie i wei 

15 to 15 in previous line). ified The global statement cannot be 


The ab 


E ea reverted in a program run. One. 
Result of print statement inside main program, thus yprould : avoid Pusing a global 
value of global tigers (which is 15 now) is printed. i statement in Python program. 5 


Once a variable is declared global in a function, you cannot 
undo the statement. That is, after a global statement, the 


‘on will always refer to the global variable and loc f teeuky | 
function 7 8 al Although global variables can be. 


: be created of the same name. À 
variable cannot e aS through local scope, but’ 


: i it is not a good programming 
But for good programming practice, the use of global _ practice. So, keep global variables | 


statement is always discouraged as with this programmers “global, and local variables local, 
tend to lose the control over variables and their scopes. > 


pyan eT eegee =e 
: eaten pe 


mi) Tiaa Liana A 


CALLING FUNCTIONS, ARGUMENT TYPES, 
SCOPE OF VARIABLES 


: Pro ress In P hon 

oh? g yt 3.3 
This ‘Progress in Python’ session is aimed at these concepts : calling or invoking functions, different 
types of arguments, scope of variables and Name resolution by Python. 


Please check the practical component-book — Progress in Computer 
Science with Python and fill it there in PriP 3.3 under Chapter 3 after 
practically doing it on the computer. 


>>> <<< 
3.9 MUTABLE/IMMUTABLE PROPERTIES OF PASSED DATA OBJECTS 


So now you know how you can pass values to a function and how a function returns value(s) to 
its caller. But here it is important to recall following things about variables : 


© Python’s variables are not storage containers, rather Python variables are like memory 
references; they refer to the memory address where the value is stored. 


© Depending upon the mutability/immutability of its data type, a variable behaves differently. 
That is, if a variable is referring to an immutable type then any change in its value will also 
change the memory address it is referring to, but if a variable is referring to mutable type then 
any change in the value of mutable type will not change the memory address of the variable 


Another important thing to know here is that the scope rules apply to the identifiers or the name; Vee 
labels and not on the values. For example, if you pass an argument a : 
that receives it in parameter b, then both a and b will refer to same value (i.e., 5) in data apace 
(even with different scopes, they may refer to same data in data space paaa 5 eek 
mutability), but, you can use name b only inside the called function and not in the ca = 
nction. This will become clearer to you when we discuss mutability with respect to arguments 
‘eee, and parameters in the section 3.8. 


IMPORTANT 


2) 


148200 


a 
List1 = [1, 3] 


reference of ir 


currenty stoning 1 
y g 


vari =varl-1 
List1[8] =3 


(1) 
148200 


0 


i 


148216 


i 


N 


vari now stores memory 
address of integer 0 
(ie., 148200) 


n . } 
(integer litera! 
p Number of references ~ 


148215 


vari stores the memory 
teger value 1 
fie, 148218) as itis 
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~ All 


s are stored at some predefined locations) 


t 
148232 148248 148264 148280 148296 
EN Fa pa 


List1 has been allocated address 200160 where it 
can store memory references of its individual 
items e.g., List1[0] currently stores here the 

memory reference of integer value’ (i.e., 148216) 
and List[1] stores the memory reference of 

integer value 3 (i.e., 148248) 


Now if you make following changes to List] and Varl : 


(Now vari holds value @) 


(Now first item of List1 is also 3) 


(2) 


148232 148248 


2 N 


148264 148280 


3 Qa | 


148296 


EE D 
ii 


z — List's memory 
holding address 
remains the same 
individual items' 
addresses change 


List1 


Se 


The memory allocated to List1, where it can hold its data items’ 
Mea address remains the same j.e., it still is 200160, BUT 
Pew = gn items of Listt have changed so individual 
‘ail Lea Bate Stored here have to reflect this. Thus 
148248, th nd List1[1] are currently storing memory address 
vine memory address of integer 3 as both List1[0] and 
List[1] currently hold integer value 3. 


Figure 3.4 Impact of Mutability and Immutability 
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Chapter 3: 125 


3.9.1 


Mutability/Immutability of Arguments/Parameters ond Function Calls 


When you pass values through arguments and parameters to 


: a function, mutability/ immutab 
plays an important role there. 


ility 
also 4 
Let us understand this with the help of some sample codes. i 


sample Code 1.1 
sample Code 1-7 


passing an Immutable Type Value to a function. 


def myFunc1(a): 
print("\t Inside myFunc1()") 
print("\t Value received in 'a' as", a) 
a=a+2 


print("\t Value of 'a' now changes to", a) 


a wo F&F WwW N B 


print("\t returning from myFunc1()") 


7. #__main_ 
8. num=3 

9. print("Calling myFunc1() by passing ‘num’ with value", num) | 
10. myFunc1(num) 


11. print("Back from myFunc1(). Value of 'num' is", num) | 


Now have a look at the output produced by above code as shown below : 


Inside myFuncl( ) 


Calling myFuncl( ) by passing ‘num’ with value 3 
Value received in 'a' as 3 
Value of 'a' now changes to 


The value got changed from 3 to 8 inside function 
BUT NOT got reflected to__main__ pe 
returning from myFuncl( ) — : : : ma 


Back from myFuncl( ). value of 'num' is © SELES a BF He SSE i 


As you can see that the function myFuncl() received the passed value in parameter a and then 
changed the value of a by performing some operation on it. Inside myFunc1( ), the value (of a) 


angeg ; Sica os ieinallv passed variable remains 
Bot changed but after returning from myFuncl(), the originally passed variable num remé 
unchanged. 


Let us se 


a z ee 21). 
e how the memory environments are created for above code (i.e., sample code!) 
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Memory Environment For Sample Code 1.1 


(Note : Passed value is an integer, an immutable type) 


(1) e reference count 
800 816 832 848 


These memory addresses will vary each 
eo time as these are allocated by Os. 


front loaded 
data space 


Global 
Environment Till Lines 7-9 of code of --main-- 


(2) +- reference count 
800 816 832 864 


data space 


At line10 (function is called) argument 
Local num is received in parameter a and for 
Environment lines 1, 2, 3, environment remains the 
(myFune1()) same 


(1) (1) 
800 816 832 848 864 


{3} [4] [5] [6] [7]... 


See, the global enviionment’s 
num remains unaffected from 
changes to variable a of myfunc1 


data space 


At line 4 


Local memory environment 
remains the same til line6 and the 
myfunct() gets over and control 
returns to --main- part's line11 
and the local environment of 
myfunc1{ ) is removed. 


Local Env.(myF unci( )) 
a(‘' a=a+2) 


Gata spaca 


pe At line11, when num’s value is 
printed Python prints 3 as the num 
remained unchanged in its scope 
and thus always remained 3. 


G WITH FUNCTIONS 


RKIN 
r3: wo 


ou just saw how Py tion procepsed an immutable data type when it is passed as argument 
= a gee what happens inside memory if you pass a mutable type such a gument. 
e 


en A sa list. (Recall 
/collection such as a list internally is stored as a container that h reas: 


seguence/co olds the references of 
individual items.) 


sample Code 2.1 
oe eee 
passing 4 Mutable Type Value to a function-Making changes in place) 


def myFunc2(myList) 4 
print("\n\t Inside CALLED Function now") 
print("\t List received:", myList) 
myList[ð] += 2 
print("\t List within called function, after changes:", myList) 


an wu A Uù N Be 


return 


7. Listi-=[2] 

8. print("List before function call : ", List1) 
9. myFunc2(List1) 

10. print("\nList after function call : ", List1) 


Now have a look at the output produced by above code as shown below : | 


List before function call : [1] 


Inside CALLED Function now 


List received: [1] lol 
i i i 7 inside function and change 

L g 

Ist within called function, after changes : © REFLECTED to _ main- 


List after function call :(@)) Si ai ieiata ciaitwin ns aiviarsin sinia\bSleln Ss ¥ 55'S OTN Tr eieeiem a fs i j 


The value got changed from [1] to [3] 


As you can see that the function myFunc2( ) receives a mutable type, 4 list, this va Ce 
Passed list (List1) contains value as [1] and is received by the function in parameter mylist. 


: . pen ra ed, i.e., in 
changes made inside the function in the list mylist get reelected in the original list passed, i.e 
list] of main . 


PAE” ; zalue. The 
5o when you print its value after returning from function, it shows the changed v 


Saan : ' ack in the 
reason is clear — list is a mutable type and thus changes made to it are refelected ba 
caller function. l 


Let us see how the 


j code2.1). ie 
p se code (i.e. sample ae 
memory environments are created for above code (i.¢-, 


n rien eres 
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Memory Environment For Sample Code 2.1 


is a lis able type 
(Note : Passed value is a list, a mutable type) 


(1) e reference court 25000 
540 556 572 538 604 


Memory address 
Ah Y addresses var 


on each computer and 
even tor each 


data space and 
other memory 
alterations 


Se *SSiON, 


(List1[0] holds memory 
address of value 1 (556)) 


W~ Till Lines 7-9 of code 
of man 


At ined. funcuen myFunc ) gets 
called ; argument List ts received in 
perameter myList. Bot!) now point to 
address 25000. For lines 1, 2, 3, the 
environment remains the same. 


Local Environment 
(myFune2(0)) 


4} 
540 556 572 m 604 At line4, myListfO]'s value 
25000 E changes to 3 (myList[0] += 
fan 2 2) and thus the Oih item of 


myList now holds reference 
of value 3. BUT the memory 


! = | 
E an O OO O (List1[0] now holds 


location of myList 
memory ad toea 
ry'address of remains the s » (25000). 


value 3 (588 
(58a) The change of memory 


address from value 1 to 
value 3 has been done in place ie.. al 
same location of mylist (i.c.. 25000). The 


Local Environment 
(myFunc2( )) 


memory environment remains tiie same for 
lines 5, 6 of code and then function returns 
contral__miain__’s line 10. remaining local 
environment of function myFunc2( ). 


Global Environment ee At line 10, when List? is printed. it is 
referring to address 25000 that 
currently holds reference of value 3. 
Hence changed list is printed (as [3}) 
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ges in memory references occurred at the same address 25000 for b 


ert $ oth lists (argume 
3 parameter) and hence got reflected in __main__, the very essence of mutable ae ent 
an a i we aN a 


ii if you make other changes such as adding or deleting items from a Passed list, these 

S s i i dad pass , these 
yi also get reflected back as both the passed list argument and received parameter list work: 
will als 


‘th the same memory address where changes are done in place. Check following code and its 
wi ut - changes are reflected back in __main__ 
output = 


ample Code Be 


5 a Mutable Type Value to a function — Adding/Deleting items to it) 
1. def myFunc3(myList): 
2 print("\t Inside CALLED Function now") 
3 print("\t List received:", myList) 
4. myList.append(2) 
5. myList.extend([5,1]) 
6 print("\t List after adding some elements:", myList) 
7 myList.remove(5) 
8 print("\t List within called function, after all changes:", myList) 
9 return 


10. List1 = [1] 

11. print("List before function call :", List1) 
12. myFunc3(List1) ele 
13. print("\List after function call :", List1) Hy 


Now have a look at the output produced by above code as shown below : 


List before function call : [1] 
Inside CALLED Function now 
List received: [1] 
vias after adding some elements: [1, 2, 5, 1] 
i ens i 
St within called function, after all changes: 


The value got changed from [1] to 
[1, 2,1] inside function and change 
GOT REFLECTED to__main__- - 


PIC Fier Functor eal) ¢ CY, Bh Wo bec cee cacmommumeeceneneeen one baw ommean d 


te 


5 ee bec PEC 
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onment For Sample Code 2.2 


Memory Envir 


Lines 10-11 


Till Lines 10-11 of code of 


38100 
A 332 348 364 380 3% 
i g L a o o ist1[0] holds 
can address of value 1 ie., 316) 


Main 
(1) 
316 332 348 384 380 3% 38100 
At line 12, function myFunc3/ ) gets 
2 calied ; argument Listt is received 
i in parameter myList Goth Liseq 
9 4 and myList point to same memory 
a Local Environment adgress i.e., 38100 
7 (myFune3( )) Environment remains the same for 
fines 1, 2, 3 
Mo (1) 
316 332 348 364 380 396 38100 


At line 4, statement myt ist ap- 
pend(2) gets execut new ele- 
Ment (indext) is appended t mytist’s 


Global Environment 
Local Environment 
(myFunc3( )) 


Ji Si S 


same memory aad 


This new element now references to 
value2 


Notice even after appending a new element the list's 


address is the same j.e., 38100. It 


. however, now 
accommodates place to hold new 


Mutable types act like con- 
value. 


taimers. Container remains 
unchanged, however, its cOn- 
tents may change. Hence their 
Overall address remains the 
Same as it is the container’s 
address. 


(2) (1) (1) 


Global Environment At lineS the list is extended with twe 
Local Environment 
(myFunc3()) | 


a y& {l} 
New elements {myList exteno{s 


mylist { The &st'simylist) memor 
st | 3 ) 

L Stll remains the sam 
However, it now acc’ 


to hold two new elements 


Environment remains same for line 
6 too, 


ter 
crop 


Memo 


Lines 7-9 


Line 13 


Sample Code 2.3 


CING WITH FUNCTIONS 
3: WORKI 


n Environment For Sample Code 2.2 (Contd...) 


At line 7, statement 

myList.remove(s) removes 
5 from fist and thus cnly three 
elements are loft 


i x 
giemant 


Local Envivenmient X 
(myFunc3( )) j 


But the memory ag S Of the list 
(myList) remains the 
after changes in its contents, 


The environment rem 


line 13. 


At line 13, after returning from 

myFunc3{ ) the local environment 
iS removed. The list. List? is 
referencing the address 3 
with all the changes intact 


Global Environment 


Arf 
tiil 


m 


Passing a Mutable Type Value to a function - Assigning parameter to a new value/variable. 


1. def myFunc4 (myList): } 
2 print("\n\t Inside CALLED Function now") 
ae print("\t List received:", myList) | 
4 new = [3,5] : 
5. hice aney aena Parameter list get assigned a new value (a list here) 

6. myList.append(6) 

7. print("\t List within called function, after changes:", myList) 

8. return 

9. Lista =[1, 4) j 
19, Print("List before function call :", List1) 

1. myFunc4(List1) 

12, 


: $ ji 
Print("\nList after function call :", List1) 1h 


Lines 11, 1-3 
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Now carefully look at the output produced by above code as shown below : 
t J 


List before function call : (1, 4] 


Inside CALLED Function now The value got changed from {1, 4] to 
tist received: [1, 4] [3.56] nside function and char 
List within called function, after changes: 


DID NOT GET REFLECTED to main 


Isn't this unexpected, the passed value is of a mutable type, a list. Right ? But still the changes 
made in the function do not get reflected back to __main__. Why ? No worries. Let's find out, 
But first have a look at the memory environments created for above code. 


Memory Environment For Sample Code 2.3 
(Note : Passed value is a list, a mutable type) 


(1) (1) 
532 548 564 580 596 612 40116 


Elements 0 and 1 of list refer to 
addresses of values they hold 


Global Environment 


T= Till Lines 9-10 of code 
of __main_ 


At line 10, function myFunc4() 
gets called argument List is 
received in parameter myList. 
Both Listt and myList point to 
same memory address i.e. 40110 
Environment remains the same 
for lines 1, 2, 3. 


Local Environment 
(myFunc4( )) 


myList g 
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Environment For Sample Code 2.3 (Contd... 
Memory 
a a (1) (A) 
532 564 580 596 40116 50110 


SS aS 
<+ R {| 
; | Gobat Environment | 
& Global Environment > 
2 7 - At line 4, a new list by the 
ocal p name new is created for which 
A new memory is allocated at 
50110. While List? and myList 
point to memory address 40116, 
new has memory address as 
50110. 
(1) 0) (1) (1) 
532 564 580 _ 596 40116 50110 
wo 
o 
£ 
a 
At line 5 ist is as- 
Local Environment al - Ta EET pan , 
(myFunc4( )) gned new, w ich means it 
now points to same address 
as new i.e., 50110. 1 | ii 
| z 
| iy 
f(t) (4) (4) o a) 40116 50110 
® ihe 
2 At line 6, statement gi 
ja (myList.append(6)) i i 
ai adds vaiue 6 at the end | lias 
of myList. Since myList is a 
= printing to address 50110, { 
Local FAREA l value 6 gets added to this 
| new | container. Thus when you print 
k myList's value, it shows [3, 5, 6]. 
IZ Environment remains the same till 
line 8 and then funciion returns 
e contro! to _main__ at line 12. 
N After myFunc4{ ) gets over, the local 
e environment is removed. The list, 
4 List1 is stiil referring to address 40116 


and prints whatever is contained at 

this very address i.e., [1, 4]. Changes 
that were made to address 50110 are 
not reflected. 


Global Environment 


TAPE 


EF 


ae es 
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above code that the moment you make the Paramete, 

As itis clear from the memo ters rent variable name, it loses = tess of the 

refer to another ee ae changes are made to it post this = not get reflected q 

argument passed to it. thoi it was mutable because the addresses became different, 5, 
iginal argument even i ae 

Ean the mutable behaviour as summarized b 


A) assigned to mutable parameter (say P) 


environs of 
reigning a diffe 


Mutable Argument (say 
ae Sss 5, 


sÑ 7 
oR 


if Pi d new name or if P is assigned a new name or different 
if P is not assigne nee penis data type value (eg., P = different_variable 
different data type valu facaiand GET then any changes in P are not reflected) 
in P are performed in pl | BACK to __main__ 


REFLECTED BACK to main (refer sample code 2.3). 


des 2.1 and 2.2). ' 7 
Me se entie changed data. That is, A will not show changed data. 


SOOO 


f 


i a ee - = 


Figure 3.5 Mutable types’ behaviour with functions. 


ant 
Nae That means, we can say that : l 
; & Changes in immutable types are not reflected in the 
1. If retum statement is not used inside caller function at all. 
the function, the function will return: 


© Changes, if any, in mutable types 
a are reflected in caller function if its name is not 
assigned a different variable or datatype. 


(a) 0 (b) None object 
(c) an arbitrary integer 


(d) Eror! Functions in Python must 
have a return statement. m are not reflected in the caller function if it is 


2. Which of the following keywords marks assigned a different variable or datatype. 
the beginning of the function block? 
(a) func (b) define (c) def (a) function 

3. What is the area of memory called, 


è £ To 
which stores the parameters and local =’ ) MUTABILITY/IMMUTABILITY 
f variables of a function call ? a OF ARGUMENTS 
(a)a heap (b) storage area <7 ri P Progress In Python 3.4 


(c) a stack (d) an array 
4. Find the errors in following function 


definitions : is / ; 7 re : 

s “ag This Progress in Python’ session is aimed at these concepts : 

kal tamm ) Mutability/Immutability of the arguments, parameters and 
print ("hello") their behaviour in various situations, 


(b) def func2() : 


print (2 + 3) 
>>>% <<< 


(c) def compute( ) ; 
print (x * x) 


(d) square (a) 
returna*a 


a pS 
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LET us REVISE 


A Function is a subprogram that acts on data and often returns a value. 


Functions make program handling easier as only a small part of the program is dealt with at a time, thereby 
avoiding ambiguity. 

By default, Python names the segment with top-level statements (main program) as ___main_. 
A Function is executed in an execution frame. 


¿The values being passed through a function-call statement are called arguments (or actual parameters or actual 
arguments). 
The values received in the function definition/header are called parameters (or formal parameters or formal 
arguments). 


+ Python supports three types of formal arguments : parameters (i) Positional arguments (Required arguments), 
(ii) Default arguments and (iii) Keyword (or named) arguments. 


‘+ When the function call statement must match the number and order of arguments as defined in the function 
definition, this is called the positional argument matching. 


+ A parameter having default value in the function header is known as a default parameter. 
«A default argument can be skipped in the function call statement. 


* The default values for parameters are considered only if no value is provided for that parameter in the function 
call statement. 


* Keyword arguments are the named arguments with assigned values being passed in the function call statement. 


«A function may or may not return a value. 


+ A function may also return multiple values that can either be received in a tuple variable or equal number of 
individual variables. 


* A function that returns a non-empty value is a non-void function. 

* Functions returning value are also known as fruitful functions. 

* A function that does not return a value is known as void function or non-fruitful function. 
A void function internally returns legal empty value None. 

A function in a program can invoke any other function of that program. 


* The program part(s) in which a particular piece of code or a data value (e.g., variable) can be accessed is known 
as Variable Scope. 


In Python, broadly scopes can either be global scope or local scope. 


* Python resolves the scope of a name using LEGB rule, i.e., it checks environments in the order : Local, Enclosing, 
Global and Built-in, 


A local variable having the same name as that of a global variable, hides the global variable in its function. 


The global statement tells a function that the mentioned variable is to be used from global environment. 


The global statement cannot be undone in a code-block i.e., once an identifier is declared global, it cannot be 
reverted to local namespace. 


A function can also return multiple values. 


Mutability of arguments/parameter affects the change of value in caller function. 
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jective Type Questions 


Multiple Choice Questions 
i. What is the default return value for a function that does not return any value explicitly 
(c) double (d) null 


(2) None {b) int 
2 Which of the following items are present in the function header ? 
(2) Sanction name only 
(&) both function name and parameter list 
ic) parameter list only 
ia) retum value 
3. Which of the following keywords marks the beginning of the function block ? 
{z) nc {2} define {c) def (d) function 
+ Whatist : 
ee area of memory, where the system stores the parameters and local 
iz) 2 heap () storage area íc) a stack (2) an array 
3 Fick ome the inllowing stetements to correctly complete the function body in the given code 
Sippel 
ne 


t Missing function body 
ites 
S ret r renier” > ee = - 
SSS ee G) premier} (c) psimt( number”) (2) return number 


5 ADS ot Se Soliowing fonction headers is coret ? 


asp Seg Sz = L by 


2 def Saf bee? 

H def aclh c= 

ijd Hae b=) c=2p 

es 

eC a=} b= c=2 dr 
f 


ry Wie o te Eoin è 
SEa Gh Gae Sa oe ie 
= t = passing to functions ? 


iS) Preto! agnet oe 
ee cast be before keyword arguements in 
= Mio of he £m. argur in a function call. 
zZ Excm calis can 
be med to invoke the below function definition ? 


$ iign 
owr Ea 
ZE Sc kc Ee while irvokin gia ; 
ing the below function definition? 


tices 
i) este 1 b= 2 cng g (2) testa =], 234 
} 
(d) testa = 1, b = 
“hen 'id 4 
=) 
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10. What is a variable defined outside all the functions referred to as ? 


(a) A static variable 
(c) A local variable 


(a) A static variable 
(c) A local variable 


def function1(a): 
a=a+'1' 
a=a*2 
>>>function1("hello”) 


(b) A global variable 

(d) An automatic variable 
j1. What is a variable defined inside a function referred to as 

(b) A global variable 

(d) An automatic variable 
12. Carefully observe the code and give the answer. 


(a) indentation Error (b) cannot perform mathematical operation on strings 
(c) hello2 (d) hello2hello2 


What is the result of this code ? 


print(2 ** x) 
print_double(3) 
(a) 8 (b) 6 


What is the order of resolving scope of a name in a Python program ? 
b 8 


(L : Local namespace, E : Enclosing 


namespace, B : Built-In Namespace, G : Global namespace 


(@Q)BGEL (() LEGB 


(QGEBL 
can be skipped from a 


(4)LBEG 
ction call ? 
vord arguments 
(å) default arguments 


on data and often returns a value. 


ython names the top level segment (main program) as 


In Python, program execution begins with first statement of 


assed through a function-call statement are called 


red in the function definition/header are called 


default value in the function header is known as a 


nction call statement. 


oY default P, on p 
OY Geiault, f yvinon names the 
The refe i 
refer 
The d fault val 


th assigned values being passed in the fu 


S to the order in which sta 


ue for a parameter is d 
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True/False Questions 

. Non-default arguments can be placed before or af 
A parameter having default value in the function he 
The first line of function definition that begins with keywor' 
known as function header. 
Variables that are listed within the parentheses o 
In Python, the program execution begins with first stat 


_ Default parameters cannot be skipped in function call. 
The default values for parameters are considered only if no value is provided for that parameter in 


ter a default argument in a function definition. 
ader is known as a default parameter. 


d def and ends with a colon (:), is i 


N 


f a function header are called function variables, 


ement of __main__ segment. 


N 


the function call statement. 
A python function may return multiple values. 
A void function also returns a value i.e., None to its caller. 


10. Variables defined inside functions can have global scope. 
A local variable having the same name as that of a global variable, hides the global variable in its 


© p 


11. 
function. 


NOTE : Answers for OTQs are given at the end of the book. 


Solved Problem 


1, What is the significance of having functions in a program ? 
Solution, Creating functions in programs is very useful. It offers following advantages : 
(i) The program is easier to understand. 
Main block of program becomes compact as the code of functions is not part of it, thus is 
easier to read and understand. 
(it) Redundant code is at one place, so making changes is easier. 
A = of — code again when we need to use it more than once, we can write the code 
in the cti call i 
; orm of a function and call it more than once. If we later need to change the code, we 
change it in one place only. Thus it saves our time also. 
(i) Reusable functions can be put in a library in modules. 


We can store Pus i 
: n store the reusable functions in the form of modules. These modules can be imported 
and used when needed in other programs. 


2. From the program cod given below, identify the parts mentioned below : 
def processNumber(x) ; 
X= 72 
return x +3 
y=54 
res = ProcessNumber(y) 
Identify these Parts : function he 


g fi ci 1 
, 
ad r, fun tior call, ar gume nts, parameters, function be dy, ] I 


cropter 3 ` 
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Solution. 


Function header 
Function call 


def ProcessNumber(x) H 


processNumber(y) 
Arguments : y 
Parameters : z 
Function body x= 72 

return x + 3 
Main program y=54 


res = ProcessNumber(y) 


3, Trace the following code and predict output produced by it. 


1 
2 
3 
4. 
5. 
6 
7 
8 
g 


10. 
11. 


def power (b, p) : 
y=b**p 
return y 

def calcSquare(x) : 
a = power(x, 2) 
return a 

n=5 


result = calcSquare(n) + power (3, 3) 
print(result) 


Solution. Flow of execution for above code will be : 


4. 
(a) 


1 


wow mOAnN DUM RW NY 


rH 
e © 


ON DU PWN Be 


13539310 95 6 91233 96 97 9:10 915253510511 
The output produced by above code will be : 


52 


Trace the flow of execution for following programs : 


def power(b, p): 
r=b**p 
returnr 


def calcSquare(a): 
a = power(a, 2) 
returna 


n=5 
result = calcSquare(n) 
print (result) 


def increment(x) : 
X=X+1 


# main program 
X=3 

Print(x) 
increment(x) 
print(x) 


Ele 


1. def increment(x): 
2. z=45 

3» X=X+1 

4. return x 

5. 

6. #main 

7. y=3 

8. print(y) 

9. y=increment(y) 
10. print(y) 

11. q=77 

12. print(q) 

13. increment(q) 


PP 
Doin p 


. print(q) 
. print(x) 
. print(z) 
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Control didnot return to funci, 

j call statement (7) as n nction 
ine 4 being returned by incrameny 
a 

(b) 135763771728 

() 1378 35931732334 5931011 51231391723 74714315516 


What is the difference between the formal 
names? Also, give a suitable Python code to illustrate both. 
Solution. Actual Parameter is a parameter, which is used in function call statement to send the value 


from calling function to the called function. It is also known as Argument. 
Formal Parameter is a parameter, which is used in function header of the called function to receive the 


value from actual parameter. It is also known as Parameter. For example, 


def addEm(x, y, Z): 
print(x+y+2) 


addEm(6, 16, 26) 


PEETS Ee Ee E FE a7 OO 


? x 
5. parameters and actual parameters! What are their alternative 


In the above code, actual parameters are 6, 16 and 26 ; and formal parameters are x, y and z. 


6. Consider a function with following header : 
def info(object, spacing = 10, collapse = 1): 


Here are some function calls given below. Find out which of these are correct and which of these are incorrect 


stating reasons : 

a. info(obj1) 

b. info(spacing = 20) 

c. info( obj2, 12) 

d. info( obj11, object = 0bj12) 

e. info( obj3, collapse = @) 

f.  info() 

. info(collapse = ð, obj3 ) 

e. info( spacing = 15, object = 0bj4 ) 

Solution. 


(a) Correct obj1 is for positional parameter object ; spacing gets its default value of 10 
and collapse gets its default value of 1. 


b In : sis 
(o) correct Required positional argument (object) missing ; required arguments cannot 
be missed. 


g © . . 
(c) orrect iid Hit parameter object gets its value as obj2 ; spacing gets value 12 and 
or skipped argument collapse, default value 1 is taken. 


(d) Incorrect ject is gi 
Same parameter object is given multiple values - one through positional 
argument and one through keyword(named) argument. 


(e) Correct i j 
va iis parameter object gets its value as obj3 ; collapse gets value 0 and 
or skipped argument spacing, default value 10 is taken. 


I - i 
7 a Required parameter object’s value cannot be skipped 
> = Positional arguments should be before keyword arguments 
orrect Requi j | 
quired argument object gets its value through a keyword argument. 
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cpopte! 
ji default return value for a function that does not return m y val 
1y vatue explicitly ? 
y? 


what is à m 
(b) int (c) double (d) null 


(a) None 
“golution- (a) 
t will following code print ? 

def addEm(x, Y» Z): 
print(x+y +z) 


wha 


def prod (x, Y» Z) : 
returnx*y*z 


a= addEm(6, 16, 26) 
b = prod ( 2, 35 6) 
print(a, b) 


Solution. 
None 36 


9, Inthe previous question's code, identify the void and non-void functions. The previous cod 

avai x : : a s code 
values of both void and non-void functions in variables. Why did Python not r * e stores the return 
functions do not return a value? eport an error when void 


Solution. 
Void function addEm( ) 
Non-void function : prod( ) 


In Python, void functions do not return a value; rather they report the absence of returning value b 
returning None, which is legal empty value in Python. Thus, variable a stores None and 6 not e 


error. 

10. Consider below given function headers. Identify which of these will cause error and why ? 
(i) def func(a=1, b): | 
(ii) def func(a=1, b, c=2): 
(iii) def func(a=1, b=1, c=2): 
(iv) def func(a=1, b=1, c=2, d): 


Solution. F i i), (ii | 
ne unction headers (i), (ii) and (iv) will cause error because non-default arguments 
ollow default arguments. 


Only functi i 
n y function header (ii) will not cause any error. 


What is the di 
e difference betwee ; i i i 
illustrate eae rence between a local variable and a global variable ? Also, give 4 suitable Python code to 


Solution 
- The di 
differences between a local variable and global variable are as given below : 


Global Variable 


Local Variable 


It is variable which is declared outside all 
the functions 


It is P Ig 
ia: variable which is declared within a 
nction or within a block 


It is accessi : 
Is accessible only within a function/block | It is accessible throughout the program 


In which it is declared 


een 
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For example, in the following code, x, xCubed are global variables ai a A ATE es variables, 


def cube(n): 
cnen*n®n 
return cn 


x= 10 
xCubed = cube(x) 
print(x, “cubed is“, xCubed) 
12. Following code intends to swap the values of two variables through a function, but upon running the code, thy 
output shears that the values are swapped inside the switch() function but back again in main Program, thy 
variables remain un-swapped. What could be the reason? Suggest a remedy. 


def switch(x, y): 
x,y =y, x 
print("inside switch :",end='') 
print("x 2", x, "y=", y) 


x25 

y=7 

print("x=", x, "y=",y) 
switch(x, y) 
print("x=",x, "y =", y) 


Global Environment 


{gs Local Environmest 
AC a for switch( ) 


m paa 
[3 Gs 


Solution The reason for un-reflected changes 
in the main program is that although both 
main program and switch{ ) have variables 
with same names ie., x and y, but their scopes ae 
ate different as shown in the adjacent figure. 

The scope of x and y of switch! is local. Though they are swapped in the namespace of suit hel} best 
their namespace is removed as soon as control retums to main program, The global variables x andy 
remain unchanged as stcitch( ) worked with a different copy of values not with orginal values 
The remedy of above problem is that the switch( ) gets to work with global vanables so that change 
are made in the global variables. This can be done with the help of global statement as shown below 


def switch{x, y): 
global x, y 
x,y=y, x 
print(“inside switch :", end=‘ ') 
print(“x ="; x, "y="; y) 
xXe5§ 
y=7 
print(*x =", x, "y=", y) 
switch (x, y) 
print("x=", x, "y=", y) 


Now the above program will be able to swap the values of variables through switch( ). 
(Though, now passing parameter is redundant.) 


a a 
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aie intends to add a give value L ‘ 

sring code MMENas t0 ada a given value to elo al narak 

13 Following o global variakle a. What wil! the ilies is ois f 

1. def jncrease(x) : JETS CORE produce ? 

2 a=at+x 

3 return 

4. 

ae RQ us 
: Pe nae: increta a nside a function, the variable is 
created as a local variable. Assignment creates a variable in Python. 

«se at line 2, when variable a is incremented with the passed value r p 4 
Thus at line = ns t t the passed value x, Python tries to create a local “a 
variable a by assigning to it the value of expression on the right hand side of assignment. But í 
variable a also appears in the right hand side of assignment, which results in error because a is 3 
undeclared so far in function. i 
To assign some value to a global variable from within a function, without creating a local variable 
with the same name, global statement can be used. So, if we add 
in the first line of ction body, the above error will be corrected. Python won't create a local 
variable a, rather will work with global variable a. 

14. Which names ar il. which are global and which are built-in in the following code fragment? 
inva s = "Big names’ 
pos = 200 
level = 1 A 
def play( 3 
max level = level +10 g 
print(len (invaders ) == 0) $ 
return max level Í 
res = p] 3y ( ) 4 
orint (re ) H 
, z . -H 
Global names : invaders, pos, level, res ; 
Local names z max_level i 
Built in len i 
pa A F i n Be ICASE Sample Paper 201% 20} š 
nee rite the output of the following python code : $ ; i 
4 - va 
a=1¢ H 
i 
def call(): l 
global 3a 4 
i 
a=15 q 
3 
b= 26 4 
i 
rint(a) $ 
call() i 
™~ + 
out 15 


oane EEEE 


$- 


Anmeg eitame rey ene! 


r] 
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le. Predict the output of the following code fragment í 

def func(message, Num = i): 
print(message * num) 


func('Python') 
func( ‘Easy’, 3) 
Solution. 


Python 
EasyEasyEasy 
17. Find and write the output of the following python code : [CBSE Sample Paper 2019-29) 
def fun(s): 
k= len(s) 


for i in range(@,k): 
if(s[i]-isupper( )): 
m=m+s[i] -lower( ) 
elif s[i].isalpha( ye 
m=m+s[i].upper( ) 
else: 
m=m+'bb" 
print(m) 
fun('school2@com" ) 
Solution. 
SCHOOLbbbbCOM 


18. Find and write the output of the following python code : 
def Change(P, Q= 3@): 
P=P+Q 
Q=P-Q 
print(P,"#",Q) 
return (P) 
R=150 
S = 100 
R = Change(R,S) 
print(R, "#",S) 
S = Change(S) 
Solution. 
150 # 50 
158 # 100 
100 # 70 


[CBSE Sample Paper 2019-20] 


19. Predict the output of the following code fragment ? 
def check(n1=1, n2=2): 
ni=ni+n2 


Cha 


20. 
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n2+=1 
print(n1, n2) 


check() 
check(2, 1) 
check(3) 
Solution. 
33 ve 
3:2 5 
53 


What is the output of the following code? 


a=1 
deff (): 
a=10 
print(a) 
Solution. The code will print 1 to the console. 4 
What will be the output of following code? | pa 


def interest (prnc, time =2 , rate = 0.10) : 
return (prnc * time * rate) 


print(interest (6100, 1)) jui i 
print(interest (5000, rate = @.05)) | i 
print(interest (5000, 3, 0.12 )) |e 
print(interest (time =4, prnc = 5000) ) iy i 
Solution. : 
610.0 

500.0 

1800.0 iva 
2000.0 A 


Is return statement optional ? Compare and comment on the following two return statements : ii 


return of 
return val 
Solution. The return statement is optional ONLY WHEN the function is void or we can say that when 
the function does not return a value. A function that returns a value, must have at least one return HE 
statement. i 
From given two return statements, statement 


return 


is not returning any value, rather it returns the control to caller along with empty value None. And 


the statement 


return val 


is returning the control to caller along with the value contained in variable val. 


aAa at 
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rns the one’s position digit of the integer, 


P j 
23. Write a function that takes a positive M teger and ret 


Solution. 
def getOnes (num): 
# return the ones 
onesDigit = num % 10 
F return onesDigit 
24. Write a function that receives an octal number an 
decimal, binary and hexadecimal equivalents- 


Solution. 

def oct2others( n) : 
print( "passed octal numbe 
numString = str(n) 
decNum = int( numString, 8) 
print (“Number in Decimal :", decNum) 
print (“Number in Binary :", bin(decNum) ) 
print(“Number in Hexadecimal :", hex(decNum) ) 


digit of the integer num 


prints the equivalent number in other number bases ie, ; 
iesin 


ES n) 


13 i 


Vente Le auaa A Wren Lorne DEA 


num = int(input ("Enter an octal number :")) 


oct2others (num) 
Please recall that bin( ) and hex( ) do not return numbers but return the string-representations of 
equivalent numbers in binary and hexadecimal number systems respectively. 
25. Write a program that generates 4 terms ofan AP by providing initial and step values to a function that returns 
first four terms of the series. 
Solution. 


def retSeries(init, step ): 
return init, init+step, jnit+2*step, init+3*step 


ini = int (input ("Enter initial value of the AP series :")) >. 
st = int(input ("Enter step value of the AP series :")) 
print("Series with initial value", ini, "&step value", st, "goes as:") 
ti, t2, t3, t4=retSeries(ini, st) 

print(t1, t2, t3, t4) 


GLOSSARY 
ena, 
Argument A value provided to a function in the function call statement. 
Flow of execution The order of execution of statements during a program run 
Parameter insi i 
e A name used inside a function to refer to the value which was passed to it as an argument. 
be n Named subprogram thot acts on data and often returns a value 
jl Actual Argument Argument i 
E ed 
Sa Actual Parameter Argument 


Formal Parameter Parameter 
Formal Argument Parameter 


` Scope Program part(s) in whi i i 
) in which a particular piece of code or a data value (e.g., variable) can be accessed. 


chop! 
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1. 
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14. 


Type 


A: Short Answer Questions/Concepiual Questions 
A program having multiple functions is considered better designed than a 
program without any functions. Why ? 


What all information does a function header give you about the function ? 
What do you understand by flow of execution ? 


What are arguments ? What are parameters ? How are these two terms different yet related ? Give 


example. 
What is the utility of : 
(i) default arguments, 


(il) keyword arguments ? 


Explain with a code example the usage of default arguments and keyword arguments. 


Describe the different styles of functions in Python using appropriate examples. 
Differentiate between fruitful functions and non-fruitful functions. 
Can a function return multiple values ? How ? 


What is scope ? What is the scope resolving rule of Python ? 


_ What is the difference between local and global variables ? 
. When is global statement used ? Why is its use not recommended ? 


_ Write the term suitable for following descriptions : 


(a) A name inside the parentheses of a function header that can receive a value. 
(b) An argument passed to a specific parameter using the parameter name. 

(c) A value passed to a function parameter. 

(d) A value assigned to a parameter name in the function header. 

(e) A value assigned to a parameter name in the function call. 

(f) A name defined outside all function definitions. 

(g) A variable created inside a function body. 


What do you understand by local and global scope of variables ? How can you access a global variable inside 
the function, if function has a variable with same name. [CBSE Sample Paper 2919-20 


B : Application Based Questions 


What are the errors in following codes ? Correct the code and predict output : 


(a) total = ð; 
def sum( argi, arg2 ): 
total = arg1 + arg2; 
print("Total :", total) 
return total; 
sum( 10, 20 ); 
print("Total :", total) 


Pape 
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(b) def Tot (Number) Method to find Total 
Sum = @ 
for C in Range (1, 
Sum += C 
RETURN Sum 
print (Tot [3]) 
print (Tot [6]) 


Number + 1) : 


#Function Calls 
[CBSE D 2015) 


2. Consider the following code and write the flow of execution for this. Line numbers have been given for 


your reference- 

def power (b, p): 
y=b**p 
return y 


def calcSquare(x): 
a = power (x, 2) 
return a 


CaArNaueaWnNe 


n=5 
10 result = calcSquare(n) 


11 print(result) 

3. What will the following function return ? 
def addEm(x, y, Z): 
print(x+y +z) 

4. What will the following function 


def addEm(x, y, Z): 
returnx+y+z 
print(x + y + 2) 


5. What will be the output of following programs ? 


print when called ? 


(i) num=1 
def myfunc(): 
return num 
print(num) 
print(myfunc()) 
print(num) 


(ii) num=1 
def myfunc(): 
num = 10 
return num 
print (num) 
print(myfunc()) 
print(num) 
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Gi) num = t 

def myfunc(): 
global num 
num = 10 
return num 

print (num) 

print (myfunc()) 

print (num) 


(iv) def display(: 
print("Hello", end = ' ') 
display() 
print("there!") 
e. Predict the output of the following code : 


a=10 

y=5 

def myfunc(): 
y=a 
āä=2 


print("y =", y, "a =", a) 
print("a +y =", a + y) 
returna +y 


print("y =", y, "a =", a) Wi 
print(myfunc()) i 
print("y =", ys "a =", a) 
7, What is wrong, with the following function definition ? Lea 
def addEm(x, y, Z): Waal? 
return x+y+Z 


print("the answer is", x+y + z) 


8. Write a function namely fun that takes no parameters and always returns None i 5 
9. Consider the code below and answer the questions that follow : È 


def multiply(number1,number2) : 
answer = number1*number2 


print (number1, ‘times',number2, '=', answer) 
return(answer) 


output = multiply(5,5) 


(i) When the code above is executed, what prints out ? 


(i) What is variable output equal to after the code is executed ? ma 
10. Consider the code below and answer the questions that follow : R : 
def multiply(number1, number2) : : 
answer = number1 * number2 
return(answer) 


print(number1, 'times', number2, tt sonst) 
output = multiply(5,5) 


(i) When the code above is executed, what gets printed ? 


So ' . 
(ti) What is variable output equal to after the code is executed ? 


eee west 


J1. Find the errors in code 


PERKS sete oi - 
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given below : Bem mO M 


otal, decrement) 


(a) def minus(t 
tal - decrement 


output = to 
print (output) 
return (output) 


(b) define check() 
N = input (‘Enter N:') 
i=3 
answer = 1+ 
Return answer 


i+ta/N 


(c) def alpha (n, string = ‘xyz, k= 10) :. 
return beta(string) 


return n 


def beta (string) 
return string == str(n) 


print (alpha("Valentine’ s Day"):) 
print (beta (string =' true ")) 

print (alpha(n =5, "Good-bye") :) 
re environment, including all user-defined variables at the time line 10 is being executed 


Draw the enti 
1. def sum(a, b, c, d ): 
2. result = ð 
3. result = result +a +b +C + d 
4. return result 
5. 
6. def length(): 
7. return 4 
8. 


9. def mean(a, b, c, d): 
10 return float(sum (a, b, C, d))/length() 


11. 
12. print(sum(a, b, c,d), length(), mean(a, b, C, d)) 


Draw flow of execution for above program. 
14. In the following code, which variables are in the same scope ? 


=1 
b=2 
def func2(): 
c=3 
d=4 


e=5 


13: WORKING WITH FUNCTIONS 
chople 


ite a program with a function that takes an i : . 
15. bs saan with these arguments : n integer and prints the number that follows after it. Call 
t : 


4, 6, 8, 2+1, 4-3*2, 32 


ao a program with non-void version of ab i i 
i write P g ove function and then write flow of execution for both the 
program . 


m What is the output of following code fragments ? 


(0) def increment(n): 
n.append([{4]) 
return n 

L=([1, 2 3] 
M= increment (L) 
print(L, M) 


(ii) def increment (n): 
n.append([49]) 
return n[@], n[1], n[2], n[3] 
L = (23, 35, 47] 
m1, m2, m3, m4 = increment(L) 
print(L) 
print(m1, m2, m3, m4) 
print(L[3] == m4) 


Type C : Programming Practice/Knowledge based Questions 
1, Write a function that takes amount-in-dollars and dollar-to-rupee conversion price; it then returns the 
amount converted to rupees. Create the function in both void and non-void forms. 
2, Write a function to calculate volume of a box with appropriate default values for its parameters. Your 
function should have the following input parameters : 

(a) length of box ; 

(b) width of box ; 

(c) height of box. 

Test it by writing complete program to invoke it. 
3, Write a program to have following functions : 

(i) a function that takes a number as argument and calculates cube for it. The function does not 
return a value. If there is no value passed to the function in function call, the function should 
calculate cube of 2. 

(ii) a function that takes two char arguments and returns True if both the arguments are equal 
otherwise False. 


Test both these functions by giving appropriate function call statements. 
4, Write a function that receives two numbers and generates a random number from that range. Using this 
function, the main program should be able to print three numbers randomly. 
Write a function that receives two string arguments and checks whether they are same-length strings {i 
(returns True in this case otherwise false). Via" 


or 


Write a function that takes a 7 
if nis 2 then function an 
s Write a 


_ Write a program 
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rameters x and n and returns nth root of y į 
lt, 


Dp ant men cll Joanne EP 
x. 
The detan! value of n is 2 
number nand then returns a randomly generated number having exac 
i randomly retum a number 10-49 aa nia 


digits (rat staring with ATO) E Re 
erc. ase net valid two digit numbers. 


function that takes two numbers and returns the number that has minimum one’s digit, 


re 491 and 276, then the function will return 491 because it has 
ut 


mbers (91's 1 is < 78's 8))- 

function which takes first and last values of the seri 

if two numbers passed are 1 and 7 then — 
My 


[For example, if numbers paved a 
minimum one’s digit out of two given nu 
that generates a snes using 4 
and then generates four terms that are equidistant £g- 
returns 1357. 
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Using Python 
Libraries 


1 Introduction 
2 Whatis a Library ? 
Importing Modules in a Python Program 


w 


Using Python Standard Library's Functions and Modules 


> 


Creating a Python Library 


an 


INTRODUCTION |i 
You all must have read and enjoyed a lot of books - story books, novels, course-books, reference | | 
books etc. And, if you recall, all these book types have one thing in common. Confused ? © il 
Don’t be -all these book types are further divided into chapters. Can you tell, why is this done? | 
Yeah, you are right. Putting all the pages of ene book or novel together, with no chapters, will (ea 
make the book boring and difficult to comprehend. So, dividing a bigger unit into smaller i 
manageable units is a good strategy. jag 
Similarly, in programming, if we create smaller handleable | 
units, these are called modules. A related term is library here. A 3 
library refers to a collection of modules that together cater to Ailibraryrefersitö a collection 9t 
> modules that together cater to 
specific type of needs or applications e.g. NumPy library of specific type of needs or 
Python caters to scientific computing needs. In this chapter, applications 
we shall talk about using some Python libraries as well as ie) 
creating own libraries/modules. 


1. 
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4.2 WHATISA LIBRARY ? 


As mentioned above that a libr 

to a specific type of applications 

This will become clearer to you W aes 
ed Python libraries are as liste ow: 

Some commonly used Py ted with Python that contains modules 


: ie re! 
dard library. This library is distri 
(0) ea ee of functionalities. Some commonly used modules of Python standard 


of modules (and packages) that together Cites 
A library can have multiple modules in 
t ‘what modules are’ in coming lines} 


ary isa collection 
or requirements. 
hen we talk abou 


library are : ; 
© math module, which provides mathematical functions to support different types of 
calculations. 
mathematical functions for complex numbers. 


cmath module, which provides 


2 
which provides functions 


random module, 

numbers. 
¢ statistics module, which provides mathematical 
© Urllib module, which provides URL handling functions so that you can access 


websites from within your program. 

(ii) NumPy library. This library provides some a 
tools to create and manipulate numeric arrays. 

(iii) SciPy library. This is another useful library that offers algorithmic and mathematical 
tools for scientific calculations. 

(iv) tkinter library. This library provides traditional Python user interface toolkit and helps 
you to create userfriendly GUI interface for different types of applications. 

(v) Malplotlib library. This library offers many functions and tools to produce quality 
output in variety of formats such as plots, charts, graphs etc. 


for generating pseudo-random 


statistics functions. 


dvance math functionalities along with 


A library can have multiple modules in it. Let us know what a module means. 


4.2.1 What is a Module 2 
The act of partitioning a program into individual components (known as modules) is called 
ee A module is ą separate unit in itself. The justification for partitioning a program is 
a 
» it reduces its complexity to some degree and 
& it creates a number of well-defined, documented boundaries within the program. 


Another useful feature of having modules, is that its contents can be reused in other programs 
without having to rewrite or recreate them. 


ká oni eda has created a module say ‘PlayAudio’ to play different audio formats, 

a different program, if ome 5 gap ed er, fm-radio player, dvd player etc. Now, while waiting 

code for it. Rather, : he can ae pag ği incorporate fm-radio into it, he needs not re-write the 

aN iin ais se the fm-radio functionality from PlayAudio module. Isn't that 
g age without any re-work — well, that’s the beauty of modules 


Package will become more clear to you in section 4.5 


| 


| 
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421A Structure of a Python Module 


module can contai ; 
an n much more than just functions. A Python module is a normal 


python file (.py file) containing one or more of the following objects related to a particular task : 


© docstrings ie jane comments ; useful for documentation purposes. For documen- 
ation, the docstrings should be the first string stored inside a module/function- 


body/class. 
> variables and labels for data. 
constants 
© classes templates/blueprint to create objects of a certain kind. 
. & ‘objects instances of classes. In general, objects are representation of some real or 


abstract entity. 
© statements instructions. 


©} functions named group of instructions. 


So, we can say that the module ‘XYZ’ means it is file ‘XYZ. py’. 


Python comes loaded with some predefined modules that | PYTHONAY N : aay) 
you can use and you can even create your own modules. The A Python module is a file py file)! 
Python modules that come preloaded with Python are called containing variables, class 
standard library modules. You have worked with one definitions, statements and 


standard library module math earlier and in this chapter, functions related to a particular 
you shall also learn to work with another standard library ap 
module : random module. 


Figure 4.1 shows the general composition / structure of a Python module. 


Other modules 
(Python ) 


Variables 


Variables import 


` 4 
Functions ` Functions 
( Sy Classes/Types J 
( Variables na 7 ; 
ke ` 


import 
Classes Other modules 
(Python ) 


Variables 
Functions 
Classes/Types 


Members 


I Methods 


Figure 4.1 Composition/Structure of a Python Module 


A module, in general : 


«» is independent grouping of code and data 
(variables, definitions, statements and functions). 


<- can be re-used in other programs. 


«+ can depend on other modules. 


é Please note, there is To sé) it y uxe ne Pyth fi to refer tos 
2 , parate enti lik in on it is t for d tandi: ses 
; jus unders ing pur po 


For ; ; 
example, after importing module given in Fig. 4.2, i.e., module tempConversion. 


odule, namely tempConversion in figure 4.2, 


ok at an example m 
standard library » 


Let's have a lo 


(Please note, it is not from Python ’s 
understanding purposes). 


# tempConversion. PY sein 
“™ "Conversion functions between fahrenheit and centrigrade 
N 


A docstring ; There are two more docstrings 


# Functions this module — one 


" » "Returns: X converted to centigrade" "" 4—— module tempConversion. 
R Py 


return 5 * (x—32) / 9-8 


STYLE-CONVENTION 


Two blank lines between 
two function definitions 


def to_fahrenheit (x) H 


n u "peturns: x converted to fahrenheit" "" 
return9*x/5.0+ 32 
| Two constants defined 
# Constants Z 


# water freezing temp- (in celcius) 


FREEZING_C = 0.0 
#water freezing temp. (in fahrenheit) 


FREEZING F = 32.0 
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each inside each function 


def to_centigrade(x): 
Two function-definitions inside 


it is a user created module, shown here for yoy 
p 


in 


Pore 


Figure 4.2 A sample module (tempConversion.py) 


The elements of module shown in figure 4.2 are : 


Name of the module tempConversion 


Module file name tempConversion.py 
Contains Two Functions (i) to_centigrade() (ii) to_fahrenheit( ) 
Two Constants? (i) FREEZING_C (ii) FREEZING_F 


Three docstrings (triple quotes strings) 


i mi Be a module are displayed as documentation, when y 
mand on Python’s Shell prompt > i at i 
ee A prompt >>>, after importing the module wi 


help(<module-name>) 


help (tempConversion) 


whose val 
ue the programmer wants to keep fixed throughout the program 


ou issue following 


th import 


if we write 


thing 


popte! 


43 


ill display all docstri ‘ 
thon will display ings along with mo . — 
FD tant as shown below : dule name, filename, functions’ name and 
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>>> import temConversion 
>>? help(tempConversion) 
Help on module tempConversion : 


NAME 
tempConversion - Conversion functions between fahrenheit and centigrade 


FILE 
c:\python37\pythonwork\tempconversion.py 


FUNCTIONS 
to_centigrade(x) 
Returns : x converted to centigrade 
to_fahrenheit(x) 
Returns : x converted to fahrenheit 


The doestrings of module 
displayed as documentation 


DATA 
FREEZING_C = 0.0 
FREEZING_F = 32.0 


The docstrings are triple quoted strings 
: F i a Ae in a Python module/program which 
module, gives you names of all that is defined inside the are displayed as document when 
module. (see below) help (<module-or-program-name>) 
command is issued. 


There is one more function dir( ) when applied to a 


>>> import tempConversion i 
>>> dir(tempConversion) ; 


['FREEZING_C', 'FREEZING_F', ‘_builtins_’, '_doc_', * file", 
"__name_', ‘__package_', ‘to_centigrade’, ‘to fahrenheit’ ] 


General docString conventions are : 
© First letter of first line is a capital letter. 
© Second line is blank line. 
© Rest of the details begin from third line. 


IMPORTING MODULES IN A PYTHON PROGRAM 


As mentioned Fefsre, in Python if you want to use the definitions inside a module, then you 
need to first import the module in your program. Python provides import statement to import 
modules in a program. The import statement can be used in two forms : 


(i) to import entire module : the import <module> command 


(ii) to import selected objects : the from <module> import<object? command 


from a module 
hese import commands clear. 


Following subsections will make the utility of both t 


COMPUTER SCIENCE WITH PYTHON n 
i = Xli 


158 
e and even for importing selected 


ule 
be used as per following syntax 


be used to impo 
the import sta 
fy optional el 


rt entire modul 
tement can 
ements.) 


4.3.1 Importing Entire Mod 


The import statement can 
items. To import entire module, th 
(please remember, in syntax, [ ] spect 
import modulet [> module2 [ +»: module ] ] . 

For example, to import a module, say time, yOu Il write : 


pe Module namely 
namely decimals and 


time being imported 


import time 
fractions, you'll write : 
les namely decimals and fractions 

| 


To import fwo modules 
d with one import statement. 


ee Two modu 
import decimals, fractions aa kaperté 


of module file and then makes it available to 


the code 
imports entire module ie 
E 


The import statement internally executes 
am. The import statement like the one shown above, 
ion definitions, variables, constants etc. 


your progr 
everything defined inside the module — functi 
After importing a module, you can use any function/ 
-ition of the imported module as per following syntax : : i 
definition of the imp P g syn After importing a module, to access 
one of the functions, you have to 


cmodule-name>. <function-name>() 

ule’s object is called dot notation. specify the name of the module and 
c j , p the name of the function, separated 

emp ene Sena oe in bya dot (also known as a period). 

de(), we'll be writing : This format is called dot notation 


This way of referring toa mod 
For example, consider the module t 
figure 4.2. To useits function to_centigra 


import tempConversion ling functi 
calling function to_centrigrade( ) o 
tempConversion.to_centigrade(98.6) 4——___ imported module tempConversion i 


The name of a module is stored inside a constant _name__ (prefix & suffix are having two 


underscores). You can use it like : 
import time i Norra Eo | 
ry 3 OT Eat -g 
print(time.__name_) ‘0 a 
The name of a module is stored 
inside a constant ___name_. 


It will print the name of imported module (see below) 


>>> import time 
>>> print time.__name__ 


You can given alias name to imported module as : 
import<module> as <aliasname> 
eg, import tempConversion as tc 


Now i 
you can use name tc for the imported module e.g., tc.to_centigrade( ) 


Please note if in a p y pi 
A module there 1S another Import statemeni 
( Same origin Pyth ill * s ment importing an alread 
f Im orted module. 
from g ), on wi ignore that Import statement. Thus, a module once imported W i ll not 
be re-imported e po t statement for the same module is encounter ed again. 
ven another impor i ‘ 


. For additional utility of _name__, refer to Appendix A 
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chop!®" 


7 importing Select Objects from a Module 
4.3- 


jf you want to import some selected items, not all from a module, then you can use from 


module» import statement as per following syntax : 


from <module> import <objectname> [,<objectname> [esc i 


import Single Object 
fo If you want to import a single object from the module like this so that you don’t have to prefix 


the module’s name, you can write the name of object after keyword import. For instance, to 
import just the constant pi from module math, you can write : 


from math import pi 


Now, the constant pi can be used and you need not prefix it with module name. That is, to print 
the value of pi, after importing like above, you'll be writing 


After ‘from <module> import’ command you need not qualify 


. i) 4— ; A 
print(p ) the name of imported item with module name like this 


Not this Do not use module name with imported 
. 3 object if imported through 
print(math . pi) haa from <module> import command 


Do not use module name with imported object if imported through from <module> import 
command because now the imported object is part of your program’s environment. 


To Import Multiple Objects 
If you want to import multiple objects from the module like this so that you don’t have to prefix 
the module’s name, you can write the comma separated list of objects after keyword import. For 
instance, to import just two functions sqrt( ) and pow( ) from math module, you'll write : 


from math import sqrt, pow 


To Import All Objects of a Module 
If you want to import all the items from the module like this so that you don’t have to prefix the 
module’s name, you can write : 


from <modulename> import * 
That is, to import all the items from module math, you can write : 
from math import * 


Now you can |e% all the defined functions, variables etc from math module, without having to 
prefix module’s name to the imported item name. 


4.3.3 Python’s Processing of import <module> Command 


With every import command issued, Python internally does a series of steps. In this section, we 
are briefly discussing the same. Before we discuss the internal processing of import statements, 
let's first discuss namespace — an important and related concept, which plays a role in internal 


Processing of import statement. 
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Namespace Bef 
ace that holds a bunch of names. Before we go on to explain 


A namespace, in general, is a SP 
namespaces in Python terms, consider this real life example. 
student seminar, there are students from different states having similar names. Say there 
from Kerala, one from Delhi and one from Odisha. 


their state's ward, there is no confusion. Since in Delhi, there is one Nalinj 
ran ; , 
utomatically refer to Delhi's student Nalini. Same applies to Kerala and 


In an interstate 
are three Nalinis, one 
As long they are staying in 
calling name Nalini would a 
Odisha wards separately. 
But the problem arises when the stude 
calling just Nalini would create confusion = w! 
Odisha’s Nalini or Kerala’s Nalini and so 02. 

OORS EEES: A 

we can say that Kerala w 


example, ard has its own namespace where 
for Delhi and Odisha. 


alini ; same holds 


In Python terms, namespace can be thought of as a named 

environment holding logical grouping of related objects. Namespace is a named logical 

You can think of it as named list of some names. environment holding logical 
grouping of related objects w 

+t.) Py mantic . á ithin 

file), Python creates a namespace a namespace, its member object 

e's name. That is, the is referred without any prefix 


Kerala and Odisha states are sitting together. Now 


nts from Delhi, 
one needs to qualify the name as 


yich state's Nalini ? So, 


From the above real-life 
there no two names as N 


For every module (.py 
having its name similar to that of modul 


name of module time's namespace ts also time. 
her, to resolve any kind of object-name dispute, Python asks 


cts as <module-name>.<object-name>, just like in real life 
Nalini or Odisha’s Nalini and so on. Within a namespace, an 


When two namespaces come toget 
you to qualify the names of obje 
example, we did by calling Delhi's 
object is referred without any prefix. 
Processing of import <module> command 
When you issue import <module> command, internally following things take place : 
© the code of imported module is interpreted and executed’ 
} fine “tj ; ‘ori se H 
> defined functions and variables created in the module are now available to the program 
that imported module. 
¢> For importe ow Bastin . 
ported module, a new namespace is setup with the same name as that of the module. 


For instance, you imported modus i 

| is! ee orted madui myMod in your program. Now all the objects of module 

i pena q re emed as myMod.<object-name>, e.g., if myMod has a function defined as 
, then it would be referred to as myMod.checknum( ) in your program 


tp Processing of from <module> import <object> command 


hen vou Issue fro 
» k <i la thi 8 
W . $ > m <module> import object> comma nd, internally follow ng 


Sen , P wi 
e code of imported module is interpreted and executed * 
: © only the asked functions i | 

nctions and variables from the module are made available to the progra™ 

- $ 


} NO NEW HaAMespai S al p 
2 : ce IS ore ited theim orted def nit n e current na } 
} , 1 10N IS just added in th 


4 Refer to A ndi. j 
pper dix A to stop execution o module's main block while Import. 
f ang. 
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4.3 illustrates this difference. 


Figure 


Python command 


| from ValSeq import find_valid_key | 
EDE ; | 
t 


current namespace 


{ 
| SS | 
| Y Original | | $ 
| | program's | | | 

| namespace | find_valid_key | To see 

valsea ae = | ae as 
a | o ways ot Impe 
m gS | in action 


1 No new namespace | 
| created, imported | 
object is just added 


1 te = 
| | et 9 
| to original program's} | HRe 
i namespace weet 
-_e $ 
j | 


figure 


re 4.3 Difference between import <module> and from <module> import commands. 


That means if your program already has a variable with the same name as the one 


imported via module, then the variable in your program will hide imported member with 
same name because there cannot be two variables with the same name in one namespace. 
Following code fragment illustrates this. 


Let’s consider the module given in Fig 4.2 
from tempConversion import * 


FREEZING C = -17.5 


# it will hide FREEZING_C of tempConversion module 
print (FREEZING _C) 


The above code will print 

17.5 
If you change above code to the following (we made FREEZING_C = -17.5 as a COMMENT, 
see below :) 


from tempConversion import * 


| NOTE UEA 
# FREEZING_C = -17.5 # it is just a comment now zr rae J 
; Avoid using the 
print(FREEZING_C) from <module> import * form of the 
' import statement, it may lead to 
Now the above code will give result as : name clashes. If you use plain import 
0.0 


<module>, no problems occur. 
as no variable from the program shares its name, hence itis not 
hidde 
n. 


metimes a module is stored inside another module. Such a submodule can also be imported as : 


from <parent module> import<submodule> [as <alias name>] 
eg., 


from products import views 


— this is alias name for product.views 
— 
submodule 


from products import views as PV“ 


COMPUTER SCIENCE WITH PYTHON 
~ Xi 


CREATING AND USING MODULES Progress In Python 41 


odules. 


ee ; 
r creating and using m 


This Prip session is based on practice fo 
i -book — Progress in Computer 

heck the ractical component boo 

a. : and fill it there in PriP 4.1 under Chapter 4 after > 


Science with Python i 
practically doing it on the computer. 


Se 


>>>% << 


S FUNCTIONS AND MODULES 


at offers many built-in functions that you can use 
s standard library is by default available, so yoy 


4.4 USING PYTHON STANDARD LIBRARY’ 


Python's standard library is very extensive th 
without having to import any library. Python’ 
don’t need to import it separately. 

ndard library also offers, 


specialized type of functionality, such 
module for pseudo-random number generation 


web sites’ address from within program ; etc. 
you can use Python’s built-in functions and import and use 


other that the built-in functions, some modules for 
as math module for mathematical functions ; random 
; urllib for functionality for adding and using 


Python’s sta 


In this section, we shall discuss how 
various modules and Python's standard library. 


4.4.1 Using Python’ Built-in Functions 


The Python interpreter has a number of functions built into 
need not import any module for them. In other words, the built in functions are part of current 


namespace of Python interpreter. So you use built-in functions of Python directly as : 


it that are always available ; you 


<function-name>() 
For example, the functions that you have worked with uptill now such as input( ), int( ), float() 
type( ), len( ) etc. are all built in functions, that is why you never prefixed them with any module 
name. 


4.4.1A Python's built-in Mathematical Functions 
deta ae ya many mathematical built-in functions. You have worked with many built-in 
or . ical functions of Python in your previous class. Let us quickly recall those and then 
we shall talk about some more such functions. 


Function name 
Ree Description 


str( ) ees a sha "= Biven as arguments, eg., pow(3, 4) gives 81- 
int( ) Converts an iae p e will give “12” and str(12.4) will give ‘12.4 
= at( ) Converts a float-convertible Pa ai i ee ie sie = 
ge( ) Returns an immutable sequence t inil wilgi tai 
type( ) Returns the data e of passed E = ais i A 


me iei 
nt, eg» type(12) will give <class ‘int'> 
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pet us now talk about some more built-in mathematical functions. 


sum(iterable) 
gun(iterable, arg) 


41 some useful built-in mathematical functions 
ee f 


number. 


is (q, a % b) 


value. 


; 
max(iterable) 
max(argl, arg2,.... ) 


returned. 


Takes an integer or a floating point number as 
argument and returns the absolute value of a 


Takes two (non-complex) numbers as arguments 
and returns a pair of numbers consisting of their 
quotient and remainder. 

For integers, the result is the same as 

(a // b, a % b). For floating point numbers the result 


Returns sum of the items of an iterable from left to 
right and returns the total. 


With two arguments iterable and arg, it returns 
the sum of the items of an iterable and the arg’s 


The iterable’s items are normally numbers, and 
the arg value should be a number. 


(Recall that all sequence types are iterable.) 


Returns the largest item in an iterable / sequence 
or the largest of two or more arguments. 


If one positional argument is provided, it should 
be an iterable. The largest item in the iterable is 


Description Examples 


>>> abs(-12) 
12 
>>> ebs(-12.4) 
12.4 

>>> 3%35(12 
12.4 


>>> divmod(7, 2) 
(3, 1) 


Pair of quotient and 
~~ remainder returned 


>>> divmod(7 


(2.0, 2.25) 
>>> 


a5, 2.5 


>>> sum([2, 3, 4]) 
9 


Fn Sum of the elements of 
the iterable returned 

>>> sum( (2.5, 6 
12.7 « É 


>>> sum([2, 2, %3, 5) 


5 Sum of the elements of the 
-~ iterable along with the 
argument value returned 
>>> sum({2, 3, 4], 8.3) 


2 73 


Pe 


>>> max(3, 5) 


5 as ae Maximum of two integer 


values returned 


>>> max([3, 5, 9,]5 [7]) 
177 S 


Maximum of two list arguments 
returned — list that begins with a 
higher value is returned 

Maximum of two tuple arguments 


; >>> 5 
returned — tuple that begins with max( (3, 5, 9, 10), (7,)) 
a higher value is returned a (7;) haa 


>>> max( (3, 5, 9, 10 ) 
10 Y™ 


Dy Fy 49 )) 
Maximum of one iterable argument returned — 
highest element from the tuple iterable 
Maximum of one iterable argument 
returned — highest element from the 
list iterable 


E 
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Fuirietionname examples > 
min(iterable) Returns the smallest item in an iterable / sequence | >>> min(3, 5) 
min(argl, arg2,...)| or the smallest of two or more arguments. 3 Fen Minimum of tye " 
If one positional argument is provided, it should values retumney "68er 


be an iterable. The smallest item in the iterable is | >>> min{[3, 5, 9, J, (7}) 


returned. (3, 5, 9] a 


Minimum of two list arguments retuned 
rete > ed ~ i 
that begins with a higher value is retur, list 
ne 


d 
>>> min( (3, 5, 9, 18 ), (7 
Minimum of two tuple arguments (3, 5, 9, 10) »)) 
returned — tuple that begins with a eye. 8 
higher value is returned 
>>> min( [13, 15, 27, 19 J) 
10 


Minimum of one iterable & turned ~ 
n rable ar Ument retur tei 
smallest eleme fi 


| Minimum of one iterable argument >>> min([13, 15, 27, 19 
) 
returned — smallest clement from 10 
the list iterable 


oct(<integer>) returns octal string for given numbers ie, 00 + | >>> N=24 

hex(<integer>) octal equivalent of number. >>> oct(n) 
returns hex string for given numbers ie, 0x +| '@03@' 
hexadecimal equivalent of number. >>> hex(n) 


Please note that oct( ), hex( ) and bin( ) do not 
return a number ; they return a string represen- 
tation of converted number. 


'0x18' 


Consider following program that uses two more built-in functions : 


© int (<number>)* truncates the fractional part of given number and 
returns only the integer or whole part. 

© round(<number, [<ndigits>]) returns number rounded to ndigits after the decimal 
points. If ndigits is not given, it returns nearest integer 
to its input. 


4.1 Write a program that inputs a real number and converts it to nearest integer using two different 
| built-in functions, It also displays the given number rounded off to 3 places after decimal. 


num = float (input ("Enter a real number:") ) 

tnum = int (num) 

rnum = reund(num) 

print("“Number", num, "converted to integer in 2 ways as", tnum, "and", rnum ) 
rnum2 = pound (num, 3) 

print(num, "rounded off to 3 places after decimal is", rnum2) 


5, Theint() can also convert a number string into an equivalent n using 


Hee ae ts umber e.g., “1235” o number 1235 
int(“1235") ; works with integer strings only. : 7 copa 
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sample run of above program is : 


eal number: 5.555682 


af . 5 
ies 5.555682 converted to integer in 2 ways as 5 and 6 
55682 rounded off to 3 places after decimal is 5.556 
5. 


sehe behaviour of round( ) can be surprising for floats, e.g., round(0.5) and round(—0.5) are 0, and 
round(1.5) is 2. 
11B python’s built-in Siring Functions 


Let us NOW use some string functions. Although you have worked with many string functions 
jn your previous class, let us use three new string based functions. These are : 


P <Str>.join(<string iterable>) — joins a string or character (i.c., <str>) after each member of \ p 
the string iterator i.e, a string based sequence. 


& <Str>.split(<string /char>) — splits a string (i.e., <str>) based on given string or character ets 
(i.e., <string/char>) and returns a list containing split strings as members. 


P <Str>.replace(<word to be replaced>, <replace word> ) — replaces a word or part of the li nAi 
string with another in the given string <str>. 


Let us understand and use these string functions practically. Carefully go through the examples 
of these as given below : 


ir>. join( ) 
(i) If the string based iterator is a string then the <str> is inserted after every character of 
the string, e.g., 


wet danj " n a este . 
>>> . join( Hello") aaaea See. G character is joined with each member 


'H*e*l*l*o' of the given string to form the new string 


>>>" join" TRIAL") pa Stet string(“***” here) is joined with each 
THAER E aed lad member of the given string to form the new string 


(ii) If the string based iterator is a list or tuple of strings then, the given string/character is 
joined with each member of the list or tuple, BUT the tuple or list must have all member 
as strings otherwise Python will raise an error. 


>>>"$$" join(["trial", "hello"]) 


a: baie a ——_—— Given string (“$S") joined between the Huh 
Out[7]: 'trial$$hello individual items of a string based list ie 


>>>" HHH" join(("trial", "hello", "new")) We 
0 =. i 0 eamm Given string (“$$”) joined between the ii 

ut[8]: ‘trial##thel lotHinew individual items of a string based tuple 
>>>"HHH" .join( (123, "hello", "new")) e The sequence must contain all strings, i 


Traceback (most recent call last): else Python will raise an error. i 


File “<ipython-input-11-adbe3b94faec>", line 1, in <module> 
"H". join((123, "hello", "new")) 


TypeError: sequence item Q: expected str instance, int found 


w 
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<stra.splitt } 
; i fault it will split the giy 5 
(i) If you do not provide any argument to split then by default it will split the given String 


considering whitespace as a separator, ¢.8., 


>>>"I Love Python". split() 
"Th iai ‘ With or without whitespace, the output is ; 
[ aes ramen J same i.e., the list containing individual 4 fer) the 


2 CS Nome A 


['I', ‘Love’, 'Python'] 
If you provide a string or a character as an argument to ee fa Split) with a line 
split( ), then the given string is divided into parts ere mrep it 
considering the given string/character as separator and peras file based ahs leek 
separator character is not included in the split strings e.g., . 


(it) 


>>>"I Love Python”. split("o") .———— The given string is divided from positions 


CTL "ye Pyth’ 'n'] containing “o” 
3 2 


<Str>.replace({ ) 
>>>"I Love Python". replace("Python", "Programming" ) 


‘I Love Programming A amara Word ‘Python’ has been replaced 
with ‘Programming’ in piven string 


4.2 Write a progrun that inputs a main suing and then creates an encrypted string by ¢ ling a shor 
| string after each character. The program should also be able to produrs ectypted 


symbol based suring < 


def encrypt(sttr, enkey): 

return enkey.join(sttr) 
def decrypt(sttr, enkey): 

return sttr.split(enkey) 
#—main— 
mainString = input(“Enter main string :") 
encryptStr = input("Enter encryption key :") 
enStr = encrypt(mainString, encryptStr) 
GeLst = decrypt(enStr, encryptStr) 
= Geist is in the form of a list, converting it to string below 
deStr="", join(delst) 
print("The encrypted string is”, enStr) 
print("String after decryption is :", deStr) 


The sample run of the above program is as shown below : 


Enter main string : My main string 

Enter encryption key : Gs$ 

The encrypted string is m@Sy@$ GSmesSaasigsnas @Ss@$tesrasiGsnasg 
String after decryption is : My main string 


used its 


The bes 
you can 


(i 


The comman 


(ii) Set preferences for Spyder by running command Tools 
Remove all variables before execution (see below) 


o . . 
It python maintains 


į way to avo 
do one of t 


) Inthe |Python console, run 


Paice site dela: t 
& Preterences t oe) 
pes M a na a a 
y- -z i x 1 } 
OF Gere the folowsng are the detest options ke ronan fies. These 2053 ZA 
may be oreren wang te Configuration per lde ent of the 
te,boed cus Run mew 
vid ng Constie 


or program, you need to run it multiple times with various types of inputs etc. 
the variables created by previous run of your program, which may hamper 
“vou have changed a variable’s name in one line of the code and a later line is still 
then chances are that this may go unnoticed if you have run the program earlier. The 
the variables created by previous run of your program still reside in memory and 
value from memory and did not report to you. 
id this is that you clear all the variables in memory before running your program. For this 
he following two things : 


%reset magic command : 


d Yreset clears everything from memory - it’s like you have restarted the shell. 


_» Preference > Run — (under General Settings} 


O Execute n onret Gest 
Exeoute N 6 GeGceles UANZE 


Execute N N ENE pysten eon 


= te ng duectory 
fí Geres seer 
@ Panon comote J Denie sh yacaties before CIECIE > 
9” 
D Hinor tag Drecty enter IJE G He eros KEN 
Q rei Wn DAES g en 
p.. Pf . a hy a 
= vy fe explores fas weber Gets. 
- © The drectory of thr fie berg executed 
l Deed ine ba - 
feat to celadi (acl [tan 


(S 


You hay 
'e already le i i `j 
G th ready learnt to use math module in previous class. First chapter's section 1.8.5 also 
aie same. So let us use some other useful modules of Python (as recommended by 
Suggestions of the syllabus). l 


D 


SS 
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4.4.2 Working with Some Stendard Library Modulus 
Other than built-in functions, standard library also pr ovides some modules havin Nctionar. 
arn to use some such modules. In the following lines s ality, 
e sha? 


for specialized actions. Let us le gia pe ; 
i ions andom and string 

talk about how to use some useful functions of random ig modules’ of Python, 

j $ 


standard library. 


4.4.2A Using Random Module 
Python has a module namely random that provides random-number generators, A rand 
number in simple words means ~ 4 number generated by chance, i.e., randomly. Om 
To use random number generators in your Python program, you first need to import modul 
random using any import command, e.g., € 
import random 
Some most common random number generator functions in random module are - 


random{ } it returns a random floating point number N in the range [0.9 
1.0), tv, 0.0 <N < 1.0. Notice that the number generated with 
random( ) will always be Jess than 1.0. (only lower range-limit jg 


inclusive). 
Remember, it generates a floating point number. 


randintis, I) it returns a random integer N in the range (a, b), ice a< N <h 
(both range-limits are inclusive). Remember, it generates an 


integer. 


it returns a random floating point number N such that 


random uniform{a, }) 
ace N << b fora <= b and 


b < N <= a forb <a. 


random.randrange(stop) it returns a randomly selected clement from ranye(start, 


random randrange(start, stopf, step) stop, step). 


Let us consider some examples. In the following lines we are giving some sample codes along 


with their output. 


1. To generate a random floating-point number between 0.0 to 1.0, simply use random() : 


>>> import random 
2>> aj n 

print (random. among) a The output generated is between range [0.0, 1.0) 
@,022353193431 4+ 


2. To generate a random floating-point number between range lower to upper using random| ): 


(a) multiply random( ) with difference of upper limit with lower limit, ie, (upp® 7 
lower) 
(b) add to it lower limit 


Please note that learning how to use modules is important for learning how to use libraries 
7 : ms : + nisti 
‘In fact, pseudo-random numbers because it is generated via some algorithm or procedure and hence determims+ 


on 


anmaurhava 
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For example, to generate betwee 


n 15 to 35 , you may write : 
>>> import random 


# need not re-write this command, if random 
# module already imported 
>>> print(random.random()* (35 -15 ) + 15) 
28.3071872734 
im n The output generated is floating point 


number between range 13 to 55 


3. To generate a random integer number in Tange 15 to 35 using randint( ), write : 
>>> print(random.randint(15, 35)) 
16 <——_____ The output generated is integer between range 15 to 55 
. To generate a floating point random number in the ranges 11...55 or 111...55, after 
importing random module using import stateme 
>>> random.uniform(11, 55) 
41. 34518981°17353 
>>> random.uniform(111, 55) 
66.03926551659219 


nt, you may write : 


ul 


. To generate a random integer in the ranges 23..47 with a step 3 or 0..235, after importing, 
random module using import statement, you may write : 


>>> random. randrange(23, 47, 3) 
38 


>>> random. randrange(235) 
126 


EXAMPLE 4.1 Given tie following Python code, which is repeated four times. What could be the possible set of outputs 
out of given four sets (ddd represent any combination of digits) ? 


import random 


print(15 + random.random() * 5) 


(i) 17.dddd, 19.dddd, 20.dddd, 15.dddd 
(i) 15.dddd, 17.dddd. 19.dddd, 18.dddd 
(ni) 14.dddd, 16.dddd, 18.dddd, 20.dddd 
(w) 15.dddd, 15.dddd, 15.dddd, 15.dddd 
Solution. Option (ii) and (iv) are the correct possible outputs because : 
(a) random ) generates number N between range 0.0 <= N < 1.0. 
(b) when it is multiplied with 5, the range becomes 0.0 to <5 


(c) when 15 is added to it, the range becomes 15 to < 20 
Only option (ii) and (iv) fulfill the condition of range 15 to < 20. 


EXAMPLE 4.2 What could be the minimum possible and maximum possible numbers by following code ? 
import random 


print(random.randint(3, 1@) - 3) 
Solution. minimum possible number = 0 


maximum possible number =7 


=a nen cnn = ee i 
* 


COMPUTER SCIENCE WiTH PYTHO 
N 
~ Xl 


Because, 
© randint(3, 10) would generate a random integer in the range 3 to 10 


© subtracting 3 from it would change the range to 0 to 7 (because if randint(3,10) Benerate 
then ~3 would make it 7 ; similarly, for lowest generated value 3, it will make i, 0) S10 


EXAMPLE 4.3 In a school fest, three randomly chosen students out of 100 students (having roll numbers 1-7 00) | 
3 5 i lve 


to present bouquets to the guests. Help the school authorities choose three students randomly. 


Solution. 


import random 
studenti = random.randint(1, 100) 


student2 = random.randint(1, 100) 
student3 = random.randint(1, 100) 
print("3 chosen students are", ) 
print(student1, student2, student3) 


4.4.2B Using String Module 


Python has a module by the name string that comes with many constants and classes, It 
offers a utility function capwords( ). Let us talk about some useful constants defined in the 


also 


string module. 
Please note that like other modules, before you can use any of the constants/functions defined 


in the string module, you must import it using an import statement : 


import string 
Some useful constants defined in the string module are being listed below : 


it returns a string containing all the collection of ASCII letters. 


string.ascii_letters 


it returns a string containing all the lowercase ASCII letters, i.e., 
‘abcdefghijklmnopqrstuvwxyz’. 

it returns all the uppercase ASCII letters, i.e., 
‘ABCDEFGHIJKLMNOPQRSTUVWXYZ’. 

it returns a string containing all the digits Python allows, i.e. the string 
“0123456789". 
it returns a string containing all the hexadecimal digits Python allows, ie., 
the string ‘0123456789abcdefABCDEF’. 

it returns a string containing all the octal digits Python allows, i.e., the string 
‘01234567’. 

it returns a string of ASCII characters which are considered punctuation 
characters, i.e., the string 3S %&'()*+,-./;2@[\ J l 


string. ascii_lowercase 


ppercase 


String.ascii_upf 


siring.digits 


string hexdigits 


string.octdigits 


string.punctuation 


The string module also offers a utility function capwords( ) : 

it splits the specified string <Str> into words using <Str>.split( ). Then r ğ 
capitalizes each word using <Str>.capitalize( ) function. Finally, it joins e 
capitalized words using <St>.join( ). 

If the optional second argument sep is absent or is None, it will remove 
leading and trailing whitespaces and all inside whitespace characters are 
replaced by a single space. 


>, [sep=None]} 
‘ f 4 


| p 
oe 
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„ou can obtain the value of the constants defined in string module by simply giving their name 

ae the string module name after importing string module, e.g., 

N . 

v a import string 
ae string.ascii_letters 
vapcdefghtjklmnopqrstuvwxyZABCDEFGHTIKLMNOPQRS TUVWXYZ ' 
„>> string. digits 
19123456789" 
ee string.ascii_uppercase 
' ABCDE FGHIJKLMNOPQRSTUVWXYZ i 
>>> string.punctuation 
rp rggZ8\' () 37 CANY GE G D Ga 

you can use capwords( ) using the string module name and passing the string name as its 

argument, ego 
>>> import string 
>>> line = "this is a simple line\n New line" 
>>> string. capwords (line) 

7 . i Line’ See it has capitalized each word separately and all leading, 
‘This IsA Simple Line New Line’ «————_ trailing whitespaces have been removed and inside 
whitespace characters (eg `n «d spaces) have been 
replaced with a single space. 
WORKING WITH math AND random MODULES 
i Progress In Python 4.2 
riP 


This PriP session is based on using Python Standard Library Modules — math and random. 


Please check the practical component-book — Progress in Computer D 
Science with Python and fill it there in PriP 4.2 under Chapter 4 after 5 
oy 
practically doing it on the computer. eS 
>>>% <<< 


45 CREATING A PYTHON LIBRARY 


ee library, there are numerous libraries available which you can install and 

use in your programs. Some such libraries are NumPy, scl landings 

One of these libraries, NumPy, has been covered briefly in chapter 8. Appendix B discusses 

another Python library — tkinter. You can also create your own libraries. 

Vu have heen using terms modules and libraries so far. Let us talk about a related word, 

Package. In fact, most of the times library and package terms are used interchangeably. 

A package is collection of Python modules under a common namespace, created by placing 
Gt miadiiles ama single directory along with some special files (such as _init_.py) 

5 i - x ° . . . Ae 

b A dir ectory structure, in order for a folder (containing different modules i.e., .py files) to be 

: ognized as a package, a special file namely _itit__py must also be stored in the folder, even 

e file —init__py is empty. 


TER ‘| 
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A library can have one or more 


Let us now learn how you can create y} 


Now on, we shall be using word package as We 


called package interchangeably. 


4.5.1 Structure of a Package 
As you know that Python packages are basi 
This common namespace 
you should know one thing that NOT 
packages. In order for a folder contar 
_ init__.py file (even if empty) must be 


£ itis just a folder 
oi 
C3 Colec not a package 


^ Mod|.py 
^5 Mod2.py 


s 3 — This is a package as it 
O Develop» aiso contains init py 


alang with other module files 


TN Modt.py 
N Mod2.py 


| An py 


wA Sub s«———— This is a sub package 


cally collections of modules under common nam 
rectory that contains all related modules, By 

ALL folders having multiple .py files (i.e., modules) 

ining Python files to be recognized as a packa are 


is created via a dire 


COMPUTER SCIENCE WITH PYTHo, 
Noo 


ki 


packages and subpackages. 
‘our own library in Python. 
shall be creating simple librarie 


S that can by 


eSpace, 
t here 


Se, an 


part of the folder. Following figure (Fig 4.4) explains i 


The file —init_py jn } 
folder, indicates it is Sel 
importable Python package, 
Without _ init Lpy, a folder 
is not considered @ Python 
package ) 
You can even add an 
file having marge gid 
— init__.py in a folder to 
make it a Python package. i 


contained in another ah 


Mod3.py package's folder 


i) init py 


Figure 4.4 A package vs. folder. 


4.5.2 Procedure For Creating Packages 


In order to create a package, you need to follow a certain procedure as discussed below. 


Major steps to create a package are : 


1. Decide about the basic structure of your 
package. lt means that you should have a 
clear idea about what will be your 
package's name (ie„ a directory/folder 
with that name will be created) and what 
all modules and subfolders (to serve as 
sub packages) will be part of it. 

(Just keep in mind that while naming the 
folders/subfolders, keep the words in the name 
underscore-separated; don't use any other 
word separators, at all (not even hyphens)) 
For instance, we are going to create the 
package shown on the right. 


i fC LibrComputerSubjects 
\ init py 


`\ details.py 


CI ComputerScience 
` init py 
^ CSXI.py 
` CSXII.py 


1A InformaticsPractices 
a: __init__.py 
| 5 IPXi.py 
=} IPXILpy 


PYTHON LIBRARIES 
A: USING 


Name ~ 


» Create the directory structure having folders Size 


sgh names of package and subpackages. In our a $. Qulinrcomputersubjects\ - haKe 
ij 

i mple shown above, we created a folder by a [Files] 482 Bytes 
xå n h; 


A : [> detaiis.py , 482 Bytes | i 7 
he name LibrComputerSubjects. L InformaticsPractices 1.4 KB í 
=A de this folder, we created files/modules, i.e., [> IPXILpy 742 Bytes i 
Si r . i» IPXL 741 Bytes 
oe py files and subfolders with their own py w 7 


ComputerScience 2 1.4 KB 
738 Bytes 
736 Bytes 


sag Now our topmost folder has the package 
iles. § r 

a e as per above figure and subfolders have 
- F . 
names aS the subpackages (as per adjacent figure). 


put this is not yet eligible to be a package in Python as there is no init__.py file in the folder(s). 


<a . . Name > z Size $ 
3, Create _intt_py files in package and a | @\librComputerSubjects\ © 34KB i 
subpackage folders. We created an empty file a [Fies] 496 Bytes ; 
‘i d saved it as “__init_.py” and then copied Les Geass anoji ‘ 
a oe a [= int py 14 Bytes 
s r p CK 
this empty __init__py file to the package and se del Seema Rat EA 0 i 
subpackage folders. [> PX py 742 Bytes Hi 
i A ; > IPdLpy T4 Byte i 
. sctory structure looked like the one ai: , i 
Now our direc d P Lpy 14 Bytes RI 
shown here. a  ComputerScience L5 KB ki 
Without the __init_.py file, Python will not LF Cipy Teles 
gs See ples a [a CSXLpy 736 Bytes 
look for submodules inside that directory, so inl a> ran 
attempts to import the module will fail. 


4, Associate it with Python installation, Once you have your package directory ready, you can 
associate it with Python by attaching it to Python's site-packages folder of current Python 


distribution in your computer. You can import a library and package in Python only if it is i 
attached to its site-packages folder. 


(1) In order to check the path of the site-packages folder of Python, on the Python prompt, 


type the following two commands, one after another and try to locate the path of 
site-packayes folder : 


In (11]: import sys 


This is the path of site- 
packages folder on 
> your computer 


In [12]: print(sys.path) 
{t 'C:\\ProgramData\\Anaconda3\\python36. zip’ 
\Anaconda3\\DL Lg aanne 


\Anaconda3’ K 


import sys 
print (sys.path) 


. 7 
+ Py 
* 
tuns’ 


Data\\Anaconda3\\lib\\site-packages — 
j e: a Aia ae Ty \ProgramData\ 
\Anaconda3\\lib\\site-packages\\win32\\lib’, °C:\\ProgramData\\Anaconda3\ f 
\lib\\site-packages\\Pythnonwin’, ‘C:\\ProgeramData\\Anaconda3\\lib\\site- 
packages\\IPython\\extensions’, °C:\\Users\\Edup\\. ipython'] 


C: \\Program 
ProgramData 


s D 
Nace 


The sys.path attribute gives an important information about PYTHONPATH, which 
specifies the directories that the Python interpreter will look in when importing 
modules, 

If you carefully look at above result of print(sys.path) command, you will find that the 
first entry in PYTHON PATH is’ ‘. It means that the Python interpreter will first look in 
the current directory when trying to do an import. If the asked module/package is not 
found in current directory, then it check the directory listed in PYTHONPATH. 


Ti 


i Whenever we import a module, 

i not found, it searches for a file name l 

i variable sys.path. This variable is initialized from the following locations ; 

| ¢ The directory holding the input script (or the current directory, in case no fics 
specified). ei 

: © PYTHONPATH (a list of directory names, with the same syntax as the i 

i variable PATH). ell 

: © The installation-dependent default. . 


(ii) Once you have figured out the path of site-packages 
folder, simplest way is to copy your own ites f 
package-folder (e.g. LibrComputerSubjects that we Al T pra to site-packagec 
created above) and paste it in this folder. (*But this is Sihon metad, pa like 
not the standard way.) are not going in détails og 
On our Windows installation, we simply opened the we are keeping this discussion a, 
site-packages folder as per above path and pasted the simple as possible). : 
complete LibrComputerSubjects folder there. 


The standard way of attach; 
n, 


5, After copying your package folder in site-packages folder of your current Python 
installation, now it has become a Python library so that now you can import its modules ang 


use its functions. 


4.5.3 Using/Importing Python Libraries 
Once you have created your own package (and subpackages) and attached it to site-packages 
folder of current Python installation on your computer, you can use them just as the way you 


use other Python libraries. 
To use an installed Python library you need to do the following : 


1. Import the library using import command : 
import <full name of library> 


2. Use the functions, attributes etc. defined in the library by giving their full name. 


“. 


For instance, to use package LibrComputerPackages’s two module files, which are shown here, 
you can import them and then use them as shown below : 


#details.py 


"""Details about computer subjects in CBSE""" 
def SubjectsList(): 


print(“There are two computer subjects in CBSE") 


print("'Computer Science’ and ‘Informatics Practices' $) 


a 


4: USING PYTHON LIBRARIES 


chapte’ 


As you can see that the details module has a function namely SubjectsList() and CSXI module 


—— 
#CSXI-PY 
wu"petails about CBSE CS XI""" 


def Syllabus() : 


def About ( ) : 


_—_— 


print(“Unit 1 : Programming and Computational Thinking-1") 
print (" : Pythom basics, basic sorting techniques etc.") 
print ("Unit 2 : Computer Systems and Organisation") 


print(”  : Computer organisation, execution, cloud computing etc.") 
print("Unit 3 : Data Management - 1") 


print(" : SQL, basics of NoSQL databases etc. "Y 
print("Unit 4 : Society, Law and ethics - 1") 
print (" : Cyber Safety, safe data communication etc.") 


print("Unit 5 : Practical Unit") 


print ("Computer Science XI") 
print("Contains 4 units and a Practical unit") 


has two functions namely Syllabus() and About(). 


(i) To import module details, you can write import command as : 


import LibrComputerSubjects.details 


shown here 


and use its function(s) by giving its full name i.e., 


LibrComputerSubjects.details.<function>( ) 


In [13]: import LibrComputerSubjects.details 


See how function SubjectsList() 
of details module in 
LibrComputerSubjects package 
is being invoked 


In [14]: LibrComputerSubjects.details.SubjectsList() 
There are two computer subjects in CBSE 
“Computer Science’ and ‘Informatics Practices‘ 


(ii) To import module CSXI, you can write import command as : 


and use its function(s) by giving its full name i.e., 


: import LibrComputerSubjects.ComputerScience.CSXI 


: LibrComputerSubjects.ComputerScience.CSXI.Syllabus() 
: Programming and Computational Thinking-1 

: Pythom basics, basic sorting techniques etc. 
: Computer Systems and Organisation 

: Computer organisation, execution, cloud computing etc. 
: Data Management - 1 

: SQL, basics of NoSQL databases etc. 

> Society, Law and ethics - 1 

: Cyber Safety, safe data communication etc. 

: Practical Unit 


import LibrComputerSubjects.ComputerScience.CSXI 


= As CSXI module is inside 
ComputerScience subfolder of 
package LibraComputerDetails, 
its full name is as shown here 


LibrComputerSubjects.ComputerScience.CSXI.<function>( ) 


See how function Syllabus() of 
CSXI module in subfolder 
ComputerScience of package 
folder LibrComputerSubjects 
is being invoked 


As details module is inside package folder 
= LibraComputerDetails, its full name is as 
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We have kept this discussion very simple an 
Python. The installable libraries also have a se 
as this is beyond the scope of this book. 

However, we shall recommend one thing: 
letters although we used capital letters in above 
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d basic. You can even create installable librari 
tup.py file. But we are not going into those ee : 
Alls 


While naming a library, try to use al] i 
example (LibrComputerSubjects). We did ase 
and it easily. But if you are creating an hie 
al 


to make it more readable so that you could underst ay ; 
used by any python user then try to give it a unique name (j 
Pi é “€ 


library and you want it to be 


check in PyPIé - Python Package Index if your librar; 
everyone can use it without bothering about the case 


EOY os 
“Vet 
Yor a 


1. Which operator is used in Python to 
import all modules from packages? 
(a) . operator 
(b) * operator 
(c) -> symbol 
{d} , operator 
2. Which file must be part of the folder 
containing Python module files to make 
it importable python package? 
(c) init.py 
(5) __ setup__.py 
(c) init__.py 
(d) setup.py 
3. In python which is the correct method 
to load a module math? 
(a) include math 
(6) import math 
(c) #include<math.h> 
(d) using math 
4. Which is the correct command to load 
just the tempc method from a module 


called usable? 
(a) import usable, tempc 
(b) import tempc from usable 
(c) from usable import tempc 
(d) import tempc 
5. What is the extension of Python library 
modules? 
(a) .mod (b) .lib (c) .code (d) .py 


. The Python Package Index (PyPI) 
you find and install software de 
distribute their software. 


y name is unique) all in lowercase Soul i, 
of the letters. at 
Appendix B. ‘Working with some useful Python Librarie 
- tkinter’ briefly talks about how you can use a useful 
Python Library : tkinter (your suggested practical exercise 
expect you to use this library alongwith NumPy and SciPy 


NumPy is covered in chapter 8) 


CREATING AND 
USING PACKAGES 


a 


Progress ln Python 4.3 


riP 
This PriP session is based on practice questions for 
creating and using Python packages. 


>>> <<< 


With this, we have come to the end of this chapter. Let us 
quickly revise what we have covered in this chapter. 


LET US REVISE 
| 
& A library refers to a collection of modules that together cater to 
specific type of needs or applications. 


% A module is a separately saved unit whose functionality can be 


reused at will. 


*. A function is a named block of statements that can be invoked by its 


name. 

Python can have three types of functions : built-in functions, 

functions in modules and user-defined functions. 

& A Python module can contain objects like docstrings, variables, 
` constants, classes, objects, statements, functions. 


& A Python module has the .py extension. 
% The docstrings are useful for documentation purposes. 


& 


is a repository of software for the Python programming language. PyPl helps 
veloped and shared by the Python community. Package authors use PyPI to 
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crop!" i pep r : ; 177 4 
= ai, module can be imported in a Program using i 

yA are two forms of import statements 
ere lename> [as <aliasname> z 
P import aia á ame ] (ii) from <module> import <object> 
in functions of Python are always available jon 


ilt- e needs not im 

j e built . port any module for them. 
& a random module of Python provides r andom-number-generation functionality. 
& 


qhe string module of Python offers many useful constant str ings and a utility function capwords{( ). 
& 


t it has a folder having its name and it also has a special 
init__.py in it. After this, it must be attached to Site 2 re 
le == 


A l -Packages folder of current Python installation. 
A package installed or attached to site-packages folder of Python installation can easily be imported using import 
| % 


Mport statement. 


| & 


j command. 


Opiestive Type Questions 


OTQAs 


Multiple Choice Questions 
A.py file containing constants/variables, 
i be used in other programs is called 
(a) module (b) library asses 
g Tie golledion. o; modules and packages that together cater to a s 
requirements, is called 
= (o library (c) classes 


3, An independent triple quoted string given inside a module, 
information is a 


classes, functions etc. related to a particular task and can 


(d) documentation 


pecific type of applications or 


(d) documentation 


containing documentation related 


(a) Documentation string (b) docstring 
(c) dstring . (d) stringdoc 
4. The help <module> statement displays ______ from a module. 
(a) constants (b) functions (c) classes (d) docstrings 
5. Which command(s) modifies the current namespace with the imported object name ? 
(a) import <module> (b) import <modulel>, <module2> 
(c) from <module> import <object> (d) from <module> import * 
6. Which command(s) creates a separate namespace for each of the imported module ? 
(a) import <module> (b) import <module1>, <module2> 
(c) from <module> import <object> (d) from <module> import * 
7. Which of the following random module functions generates a floating point number ? 
(a) random( ) (b) randint( ) (c) uniform( ) (d) all of these 
8. Which of the following random module functions generates an integer ? 
(a) random ) (b) randint( ) (c) uniform( ) (d) all of these 
9. Which file must be a part of a folder to be used as a Python package ? 
(a) package.py (b) __init_.py (c)__package_.py (d) _module_.py_ 
10. A Python module has _____ extension. 
(a) mod (b) imp (c) -py (a) -mpy 


Bam 


à Tans F 
“4 
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Fill in the Blanks : l 
1. The file must be the part of the folder holding library files and other definitions in or T 
0 


be treated as importable package. 
2. A_____refers toa collection of modules that toge 
3. A Python is a file (.py file) containing variables, 
related to a particular task. 
4. The uniform( ) function is the part I 
5. The capwords( ) function is the part of 


ther cater to specific type of needs or applicati 
satii o 
class definitions, statements and gee 
Ons 


module. 
module. 


True/False Questions 
1. A Python program and a Python module means the same. 
. A Python program and a Python module have the same .py file extension. 


. The import <module> statement imports everything in the current namespace of the Python program 


2 
3 

4. Any folder having -py files is a Python package. 

5. A folder having .py files along with a special file ie, _init_.py in it is an importable Python package, 
6 


_ The statement from <module> import <objects> is used to import a module in full. 


NOTE : Answers for OTQs are given at the end of the book. 


Solved Problems i os 


1. What is a module, package and a library ? 
Solution.Module. A module is a file with some Python code and is saved with a .py extension. 


Package. A package is a directory that contains subpackages and modules in it along with some 


special files such as __init_-py. 
Library. A Python library is a reusable chunk of code that is used in program/script using import 
command. A package is a library if it is installable or gets attached to site-packages folder of Python 


installation. 
The line between a package and a Python library is quite blurred and both these terms are often used 


interchangeably. 

2. What is a Python module ? What is its significance ? 
Solution. A “module” is a chunk of Python code that exists in its own (.py ) file and is intended to be 
used by Python code outside itself. 
Modules allow one to bundle together code in a form in which it can easily be used later. 
The Modules can be “imported” in other programs so the functions and other definitions in 
imported modules become available to code that imports them. 


3. What is the utility of built-in function help( ) ? 
Solution. Python’s built-in function help( ) is very useful. When it is provided with a program-name 
or a module-name or a function-name as an argument, it displays the documentation of the 
argument as help. It also displays the docstrings within its passed-argument's definition. 
For example, help(math) 
will display the documentation related to module math. 


' 
Ly 


p- 
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can even take function name as argument, ¢.g., 
Tt pelp(math. sqrt) 


above code will list the documentation of math.sqrt() function only. 
The 


what are docstrings ? How are they useful ? 
ution. A docstring is just a regular Python triple-quoted string that is the first thing in a function 
ya module / a class. 
When executing a function bady (or a module / class), the docstring doesn’t do anything like other 
ents, but Python stores it as part of the function documentation. This documentation can later 
net layed using help() function. So, even though docstrings appear like comments (no execution) 
a (tee are different from comments. 
What happens when Python encounters an import statement in a program ? What would happen, if there is 
one more import statement for the same module, already imported in the same program ? 
Solution. When Python encounters an import statement, it does the following : 
© the code of imported module is interpreted and executed. 
© defined functions and variables created in the module are now available to the program that 
imported module. 
© For imported module, a new namespace is setup with the same name as that of the 
module. 
Any duplicate import statement for the same module in the same program is ignored by Python. 
The random( ) function generates a random floating point number in the range 0.0 to 1.0 and randint(a, b) 
function generates random integer between range a to b. To generate random numbers between range a tob 
using random( ), following formula is used : 
math.random()*(b-a)+a 
Now if we have following two statements (carefully have a look) 
(i) int( ( math.random() * (b-a)+a) ) 
(ii) math.randint(a, b) 
Can we say above two statements are now producing random integers from the same range ? Why ? 
Solution. No, their range is not the same. e 


The first statement will be able to produce random integers (say N) in the range a <= N < b whereas 
the second statement will be producing random integers in the range a <= N <=b. 


The reason being random( ) function excludes the upper limit while generating random numbers 
whereas radint( ) includes both upper limit and lower limit. 


Name the Python Library modules which need to be imported to invoke the following functions : 
(i) sin( ) (ii) randint ( ) [CBSE Sample Paper 2019-20] 
Solution. (i) math module (ii) random module 
Consider a module ‘simple’ given below : 
# module simple. py 
" " "Greets or scolds on call" "" 
def greet (): 
"" "Greet anyone you like :-)""" 
print("Helloz") 


10. 


9. Refer to Appendix A for more details, 
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def scold(): ow 
" " "Use me for scolding, but scolding is not good :-( 
print("Get lost") 
count = 10 r 
print ("greeting or scolding - is it simple ?") 
Another program ‘test.py’ imports this module, The code inside test.py is : 
#test.py 
import simple x 
print (simple. count) 
What would be the output produced, if we run the program test.py ? Justify your answer. 
Solution. The output produced would be : 
greeting or scolding - is it simple ? 
10 
The reason being, import module's main block? is executed upon import, so its import Statement 
Causes it to print : 


greeting or scolding - is it Simple ? 


And print(simple.count) statement causes output's next line, i.e., 
10 
What would be the output produced by the following code : 
import math 
import random 
print(math. ceil(random. random())) 
Justify your answer, 
Solution. The output produced would be: 1.0 
Reason being that random.random() w 
Will retum ceiling number for this r: 
output produced will always be 1.0 
Consider the following cade : 
import math 
import random 


ould generate a number in the range [0.0, 1.0) but math.ceil() 
ange, which is 1.0 for all the numbers in this range. Thus the 


print(str( int( math. pow( random. randint(2, 4), 2))), end=' ‘) 
print(str( int( math. pow( random. randint(2, 4), 2))), ends! 4) 
print(str( int( math. pow( random. randint(2, 4), 2)))) 


What could be the possible outputs out of the given four choices? 


234 944 Gi 1616 16 ()249 @494 (w444 
Solution, 
The possible Outputs could be (i, (iii) (v) and (vi). 
The reason being that randint() w 


ould generate an integer between range 2...4, which is then raised 
to power 2, so Possible outcomes 


can be any one of these three: 4,9 or 16, 


PYTHON LIBRARIES 
chop!" ; USING 181 
what possible outputs(s) are expected to be displayed on scree 


following code ? Also specify the 


‘nat the time of execution of the program from the 


maxi u 6 : 
axtmum values that can be assigned to each of the variables FROM and TO. 
import random 


AR = [20,30,40,50,60,70]; 
FROM = random. randint(1, 3) 
TO = random. randint(2,4) 
for K in range(FROM, TO+1) ; 
print (AR[K],end = "#") 
(i) 10%40#708 (ii) 30#40850# (iii) 504608708 (iv) 4045047048 
solution. (ii) 30#40#508 Maximum value FROM, TO is 3,4 


[CBSE Sample Paper 2019-20] 


What is the procedure to create own library/package in Python? 
solution. To create own library or package in Python, we should do the following : 
(i) Create a package folder having the name of the package/library 
(ii) Add module files (.py files containing actual code functions) to this package folder 
(iii) Add a special file __init__.py to it (even if the file is empty) 
(iv) Attach this package folder to site-packages folder of Python installation. 
13. Why is a package attached to site-packages folder of Python installation? Can't we use it without doing so? 


Solution. In order to importa package using import command, the package and its contents must be 
attached to sife-packages folder of Python installation as this is the default place from where Python 
interpreter imports Python library and packages. 
So in order to import our package with import command in our programs, we must attach it to 
site-packages folder of Python installation. 
14. What is the output of the following piece of code ? 
#mod1 
def change(a): 
b = [x*2 for x ina] 
print(b) 
#mod2 
def change(a): 
b = [x*x for x ina] 
print(b) 
from modi import change 
from mod2 import change 
#main 
s= [123] 
change(s) 
Solution. There is a name-clash. A name clash is a situation when two different entities with the same 
name become part of the same scope. Since both the modules have the same function name, there is a 


name clash, which is an error. 
15. 


What is the problem in the following piece of code ? 
from math import factorial 
print(math.factorial(5)) 


AABN 
WON cea ee 


<1 
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Solution. In the “from-import” form of import, the imported identifiers (in this case factorial 
become part of the current local namespace and hence their module's names aren't Specified ra. 
& 


with the module name. Thus, the statement should be : 
] 


print(factorial(5)) 
Write a random number generator that generates random nunibers between 1 and 6 (simulates a dice) 


Solution. 

import random 

min=1 

max = 6 

roll_again = "y" 

while roll_again == "y" or roll_again == "Y": 
print("Rolling the dice...") 
val = random.randint(min, max) 


print("You get... :", val) 
roll_again = input("Roll the dice again? (y/n)...") 


GLOSSARY 
Module Named independent grouping of code and data. 
Named logical environment holding logical grouping of related objects. 


Namespace 
A directory containing modules and subpackages and some special files. 


Package 
Library A reusable chunk of code that can be included and used in other programs. 
For 
Selective Assignment 
Solutions 


Assignment 


Type A : Short Answer Questions/Concepiual Questions 


What is the significance of Modules ? 
What are docstrings ? What is their significance ? Give example to support your answer. 


1. 
3. What is a package ? How is a package different from module ? 
4, What is a library ? Write procedure to create own library in Python. 
5, What is the use of file __init_-py in a package even when it is empty ? 
6. What is the importance of site-packages folder of Python installation ? 
7. How are following import statements different ? 
(a) import X (b) from X import * 
What is PYTHON PATH variable ? What is its significance ? 
In which order Python looks for the function/module names used by you. 


10. What is the usage of help( ) and dir( ) functions. 
Name the Python Library modules which need to be imported to invoke the following functions : 
[CBSE D 2016] 


(c) from X import a, b, c 


So o 


(i) log() (ii) pow( ) 
What is dot notation of referring to objects inside a module ? 


Why should the from <module> import <object> statement be avoided to import objects ? 


ath. 
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į do you understand by standard library of Python ? 
ha See | 7 
4 pxplai n the difference between import <module> and from <module> import statements, with examples. 
5. 

g: Application Based Questions 
ge 

create mo 
I ou invoke 
yent for MP 


staten , A y 
A function checkMain( ) defined in module Allchecks.py is being used in two different programs. In 


rogram ] as 
alichecks.checkMain(3, A’) 
and in program 2 as 


checkMain(4, Z) 
are these two function-call statements different from one another when the function being invoked 


dule tempConversion.py as given in Fig. 8.2 in the chapter. 


the module with ame different types of import statements, how would the function call 
orted module’s functions be affected ? 


Ww 


js just the same ? 
z, Given below is semi-complete code of a module basic.py : 


# 


def square(x) $ 


nnn nnn 
—— 


return mul(x, x) 
mul(x, y) : 


nuen wen 


Ee 


return x * y 


def div(x, y) : 


return float(x)/y 
a FAVOR; Y) a 


“nnu now. 


x//y 
def floordiv(x, y) 
= fdiv(x, y) 


Complete the code. Save it as a module. j 


4, After im i 
porting the a ne f : > : : 
errors, if any > bove module, some of its functions are executed as per following statements. Find 


a amde = (b) bagāic.div() (c) basic.floordiv(7.0, 7) (d) div(109, @) 
5. Import the abo i ) () pnan (inte satar ESB) (9) z=basic.div(13, 3) 
(a) Bereta as basics.py and write statements for the following : 
(c) Compute paa of 19.23 (b) Compute floor division of 1000.01 with 100.23 
(d) What is ta j uct of 3, 4and 5. (Hint use a function multiple times). 
e difference between 
basics.div(100, ©) and basics.div(@, 100) ? 
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we define the following function Called dif 
IF in 
a 


6. Suppose that after we import the random module, 
Python session : 


def diff(): 
x = random.random() - random.random() 


return(x) 
What would be the result if you now evaluate 
y = diff() 
print(y) 
at the Python prompt ? Give reasons for your answer. 
What are the possible outcome(s) executed from the following code ? Also specify the maximum 
minimum values that can be assigned to variable NUMBER. [CBSE p fe 
>] 
STRING = "CBSEONLINE" 
NUMBER = random. randint(@, 3) 
N=9 


while STRING[N] !='L': 
print (STRING[N] + STRING[NUMBER] + '#', end=' ') 


NUMBER = NUMBER + 1 

N=N-1 
(i) ES*NE#IO# (ii) LEENOFON# (iii) NSFIEFLO# (iv) ECHNB#IS# 
8. Consider the following code : 


import random 
print(int( 2@+random.random() *5), end=' ' ) 
print(int( 20 + random. random() * 5), end='' ) 
print(int( 20 + random. random() * 5), end=' ') 
print(int( 20 + random. random() * 5)) 


Find the suggested output options (i) to (iv), Also, write the least value and highest value that can be 


generated. 
(i) 20 22 24 25 (ti) 22 23 24 25 
(iii) 23 24 23 24 (tv) 21 21 21 21 


9. Consider the following code : 


import random 
print (1@@ + random. randint(5, 10), end='' ) 
print (16@ + random. randint(5, 10), end='' ) 
print (100 + random. randint(5, 10), end='' ) 
print (100 + random. randint(5, 16)) 


Find the suggested output options (i) to (iv). Also, write the least value and highest value that can be 


generated, 
(i) 102 105 104 105 (ii) 110 103 104 105 
(iii) 105 107 105 110 (iv) 110 105 105 110 


: 
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f 
cpor'® 


c nsider the following package 

0 > 

0. 

1 music/ : Top-level package 
__init__.py 


formats/ 


__init__.py 
wavread. py 
wavwrite. py 


effects/ 
__init__.py 
echo.py 
surround. py 
reverse. py 


Subpackage for file format 


Subpackage for sound effects 


filters/ Subpackage for filters 
__ init__.py 
equalizer.py 
vocoder. py 
karaoke. py 


Each of the above modules contain functions play( ), writefile( ) and readfile( ). 
(a) If the module wavwrite is imported using command import music.formats.wavwrite. How will 
you invoke its writefile( ) function? Write command for it. 
(b) If the module wavwrite is imported using command from music.formats import wavwrite. How 
will you invoke its writefile( ) function? Write command for it. 


11. What are the possible outcome(s) executed from the following code ? Also specify the maximum and 
minimum values that can be assigned to variable PICKER. {CBSE D 2016] 


import random 
PICK = random. randint(®@, 3) 
CITY = [“DELHI", "MUMBAI", "CHENNAI", "KOLKATA" ] ; 
for I inGITY : 
for J in range(1, PICK) : 
print(I, end="") 


print( ) 

(i) DELHIDELHI (ii) DELHI 
MUMBAIMUMBAI DELHIMUMBAI 
CHENNAICHENNAI DELHIMUMBAICHENNAL 
KOLKATAKOLKATA 

(iii) DELHI (iv) DELHI 
MUMBAT MUMBAIMUMBAI 
CHENNAI KOLKATAKOLKATAKOLKATA 
KOLKATA 


RS 
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Type C : Programming Practice/Knowledge based Questions 


1. Write a Python program having following functions : 


(i) A function with the following signature : 
remove_letter(sentence, letter) 

This function should take a string and a letter (as a si 

returning a copy of that string with every instance of the in 

remove_letter(“Hello there!”, “e”) should return the string “Hilo thr!”. 


Try implementing it using <str>.split( ) function. 


ngle-character string) as ar 
dicated letter removed. For oe : 
P. e, 


(ii) Write a function to do the following : 
Try implementing the capwords( ) functionality using other functions, i.e., split( ), capit alize( 


and join( ). Compare the result with the capwords( ) function’s result. j 
' 
Create a module lengthconversion.py that stores functions for various lengths conversion e.g., 


a miletokm( ) to convert miles to kilometer 
4 kmtomile( ) to convert kilometers to miles f 


4 feettoinches( ) 


4 inchestofeet( ) 
It should also store constant values such as value of (mile in kilometers and vice versa). 


n 


[1 mile = 1.609344 kilometer ; 1 feet = 12 inches] 
Help( ) function should display proper information. 


Create a module MassConversion.py that stores function for mass conversion ¢.g., 


w 


4 kgtotonne( ) to convert kg to tonnes 
a tonnetokg( ) to convert tonne to kg 

à kgtopound( ) to convert kg to pound 
4 poundtokg( ) to convert pound to kg 


(Also store constants 1 kg = 0.001 tonne, 1 kg = 2.20462 pound) 
Help( ) function should give proper information about the module. 


4, Create a package from above two modules as this : 


Conversion 
Length 
L Lengthconversion.py 


Mass 


|_ Massconversion. py 


you should be 


Make sure that above package meets the requirements of being a Python package. Also, 
able to import above package and/or its modules using import command. 


5.1 
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File 
Handling 
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Introduction 

Data Files 

Opening and Closing Files 

Working with Text Files 

Standard Input, Output and Error Streams 


INTRODUCTION 


5.6 Working with Binary Files 
5.7 Working with CSV Files 


Most computer programs work with files. This is because files help in storing information 
permanently. Word processors create document files ; Database programs create files of 
information ; Compilers read source files and generate executable files. So, we see, it is the files 
that are mostly worked with, inside programs. A file in itself is a bunch of bytes stored on some 
storage device like hard-disk, thumb-drive etc. Every programming language offers some provision 
to use and create files through programs. Python is no exception and in this chapter, you shall 
be learning to work with data files through Python programs. l 
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5.2 DATA FILES i m , 
The data files are the files that store data pertaining to a specific application, fo, later i 


data files can be stored in two ways : -The 
& Text files & Binary files 

1. Text Files . 
A text file stores information in the form of a stream of ASCII or Unicode characterg 
which is default for your programming platform). In text files, each line of text iste 5 Ong 
(delimited) with a special character (as per the Operating System) known as EOL (Endo ated 
character. In text files, some internal translations take place when this EOL character isr me) 
written. In Python, by default, this EOL character is the newline character a Or 


f Son yi, i r 
carriage-return, newline combination (‘\r\n’). Or 


The text files can be of following types : 
(i) Regular Text files. These are the text files which store the text in the same fo 

typed. Here the newline character ends a line and the text translations take place. Te 

files have a file extension as .txt. Se 


(ii) Delimited Text files. In these text files, a specific character is stored to se 


Parate the 
values, i.e., after each value, e.g., a tab or a comma after every value. 


© When a fab character is used to separate the values stored, these are called Tsy fil 
(Tab Separated Values files). These files can take the extension as .txt or .CSV = 


© When the comma is used to separate the values stored, these are called CSV files 
(Comma Separated Values files). These files take the extension as .csy. 


For instance, have a look at following example : 
Regular text file content: I am simple text. NOT a 
The CSV (Comma Separated Values) format is 


a popular import and export format for 
spreadsheets and databases, 


TSV file content : I > am > simple —> text. 


CSV file content : I, am, simple, text. 
Most commonly used delimiter in a CSV file iş 


comma (,), but it can also use other delimiter 
characters like tab (+), pipe (|), tilde (=) 
etc. 


Some setup files (e.g., .INI files) and rich text format 
files (.RTF files) are also text files. 


2. Binary Files 


A binary file stores the information in the form of a stream of bytes. A binary file contains 
information in the same format in which the information is held in memory, i.e., the file content 
that is returned to you is raw (with no translation or no specific encoding). In binary file, there 
is no delimiter for a line. Also no translations occur in binary files. As a result, binary files are 
faster and easier for a program to read and write than are text files. As long as the file doesn't 
need to be read by people or need to be ported to a 
different type of system, binary files are the best way to 
store program information. 


The text files can be opened in any TA 
editor and are in human readable form while 
binary files are not in human readable form. 


The binary files can take variety of extensions. Most 


non-text file extensions (any application defined 
extension) are binary files. 
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NING AND CLOSING FILES 
oPE ane on 
52 order t° work n š > Fa sea a Python program, you need to open it in a specific 

In er the file manip on task you want to perform. The most basic file manipulation 


ig ° include adding, modifying or deleting data in a file, which in turn include any one or 


task atio n of the following operations : 
i 


a from files 


o writing d 


> appendin 
ovides built-in functions to perform each of these tasks. But before you can perform 
tions on a file, you need to first open the file. 


g data to files 


python P” 
these func 
ning Files 

file handling through Python, the first thing that you do is open the file. It is done using 
function as per one of the following syntaxes : 


3.1 Ope 
In data 
opert( ) 

cfile_objectname> = open(<filename>) 
efile_objectname> = open(<filename>, <mode>) 


Python will look for this file in current 


myfile = Open (“taxes - txt") working directory 


For example, 
The above statement opens file “taxes.txt” in file mode as read mode (default mode) and attaches 
it to file object namely myfile. 

Consider another statement : 


file2 = open("data.txt", "r") 
The above statement opens the file “data.txt” in read mode (because of “r” given as mode) and 


attaches it to file object namely file2. 


Consider one more file-open statement : 


Python will look for this file 
in E:\main folder 


The above statement opens file “result.txt” (stored in folder ENO TE ooo 
E\ main) in write mode (because of “w” given as mode) and 

attaches it to file object namely file3. A file-object is also known as 
file-handle, : 


file3 = open("e:\\main\\result.txt", "w"') — 


(Notice that in above file open statement, the file path contains 
double slashes in place of single slashes.) 
The above given three file-open statements must have raised these questions in your mind : 
(i) What is file-object ? 
(it) What is mode or file-mode ? 
The coming lines will have answers to all your questions, but for now, let us summarize the file 
open( ) function. 


© Python's open() function creates a file object which serves as a link to a file residing on your 
computer. 
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© The first parameter for the open( ) function is a path to 
the file you’d like to open. If just the file name is NOTRE ise 


given, then Python searches for the file in the current 
Please note that when yo 


write (‘w’), or append (‘a’). If no second parameter is : E 
given, then by default it opens it in read (‘r’) mode. 


folder. : file in readmode, the ien A a 
©The second parameter of the open function exist in the folder, otherwise Mus 
` corresponds to a mode which is typically read (‘r’), will raise FileNotFoundError, Ython 


Figure 5.1 summarizes the open( ) function of Python for you. 


File object Path to file Mode 
created 


f = open(“c:\\temp\\data.txt”, `r’) 


Figure 5.1 Working of file open( ) function. 


As you can see in Fig. 5.1, the slashes in the path are doubled. This is because the slashes have 
special meaning and to suppress that special meaning escape sequence for slash i.e., \\ jg 
given. 

However, if you want to write with single slash, you may write in raw string as : 


here, you can give single ——————._, —— 
slashes in pathnames f=open(r "c :\temp\data. txt", "r" Norel _) 2 


The prefix r in front of a string 


The prefix r in front of a string makes it raw string that makes it raw string that means 
means there is no special meaning attached to any character. there is no special meaning 
Remember, following statement might give you incorrect attached to any character. 


result : 


f = open("c :\temp\data.txt", "r") <«—— 


This might give incorrect 
result as \t is tab character 


Reason being that ‘\t’ will be treated as tab character and 
‘\d’ on some platforms as numeric-digit or some error. 


; E The default file-open mode is read 
Thus the two ways to give paths in filenames correctly are : zE Erp neepranilielt 


(i) Double the slashes e.g., file open mode, Python will open it 
in read mode ("r"). 


f = open("c:\\temp\\data.txt", "r" 
(ii) Give raw string by prefixing the file-path string with an r e.g., 


f =open(r"c:\temp\data.txt", "r" 


If you just give the file name without its path (e.g., just “data.txt” rather than “c ‘\\temp\\data.txt” ), 
Python will open/create the file in the same directory in which the module file is stored. 


2 


or 
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chop!? 
à File Object/File Handle 
1 

5.3: 


je objects are used to read and write data to a file on disk. 
Fi ~ file object is used to obtain a reference to the file on disk 
d open it for a number of different tasks, 
an 


file object (also called file-handle) is very important and useful 


tool as 


A file object is a reference to a file 
on disk, It opens and makes it 


Bi l available for a number of 
through a file-object only, a Python program can work different tasks. 


ith files stored on hardware. All the functions that you 
perform on a data file are performed through file-objects. 


When you use file open( ), Python stores the reference of mentioned file in the file-object. A 
file-object of Python is a stream of bytes where the data can be read either byte by byte or line by 
Jine or collectively. All this will be clear to you in the coming lines (under topic — File access modes). 


5,3.1B File Access Modes 


when Python opens a file, it needs to know the file-mode in which the file is being opened. A 
file-mode governs the type of operations (such as read or write or append) possible in the opened 


file ie, it refers to how the file will be used once it’s opened. File modes supported by Python 
are being given in Table 5.1. 


a E a 


tb’ read only * Default mode ; File must exist already, otherwise 
Python raises I/O error. 


Table 5,1 File-modes 


Binary File 
Mode 


Text File 
Mode 


` A 


‘ 


tw ‘wb’ write only 


TH ‘t+b' or read and write 
‘rb+ 
write and read 


write and read 


*% If the file does not exist, file is created. 


* If the file exists, Python will truncate existing data and 
over- write in the file. So this mode must be used with 
caution. 


* File is in write only mode. 


* If the file exists, the data in the file is retained and new 
data being written will be appended to the end. 


> If the file does not exist, Python will create a new file. 


*% File must exist otherwise error is raised. 


Both reading and writing operations can take place. 


* File is created if does not exist. 
*: If file exists, file is truncated (past data is lost). 
+ Both reading and writing operations can take place. 


*% File is created if does not exist. 
* If file exists, file’s existing data is retained ; new data is 
appended. 

+ Both reading and writing operations can take place. 


Addin 
9a ‘b’ 
b’ to text-file mode makes it binary-file mode. 


Í 
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To create a file, you need to open a file in a 
A file-mode governs the type of o peration 1 
S 


mode that supports write mode (i.v., ‘w’, or ‘a’ OF 
read/write/append) possible in the opened file ; eg, 


‘w+ or ‘a+’ modes). AER 
r'a+ ) refers to how the file will be used once it’s op -e it 
ened, 
5.3.2 Closing Files < , . 
calling the close() method of its file-object. Closing of file ig import 
ant, 


An open file is closed by ftl sram but it is good i 
In Python, files are automatically closed at the end of the progr: S B000 Practice to get into 


the habit of closing your files explicitly. e i 
data out to the file until it is closed (this can boost performance). What this means is that if h 
e 


. oj r recious dat ; 
program exits unexpectedly there is a danger that your precio! i may not have been 
you finish writing to a file, close it. 


written to the file! So the moral is : once 
The close( ) function accomplishes this task and it takes the NOTE. 


following general form : 
<fileHandle>.close( ) A'close( ) function breaks the linkof 
a file-object and the file on the disk 
For instance, if a file Master.txt is opened via file-handle After close( ), no tasks T 4 ; 
performed on that file through ike 


outfile, it may be closed by the following statement : 
1 tfi y y file-object (or file-handle), 


: The close( ) must be used 
pena 
outfile.close( ) with filehandle 


Please remember, open( ) is a built-in function (used standalone) while close( ) is a method used 


with file-handle object. 


WORKING WITH TEXT FILES 
Python provides many functions for reading and writing the open files. In this section, we are 
going to explore these functions. Most common file reading and writing functions are being 


discussed in coming lines. 


5.4.1 Reading from Text Files 
Python provides mainly three types of read functions to read from a data file. But before you can 
read from a file, the file must be opened and linked via a file-object or file handle. Most 


common file reading functions of Python are listed below in Table 5.2. 


‘Table 5.2 Python data files — reading writing functions 
Method 


<filehandle>.read([n]) reads at most bytes ; if no n is specified, reads 
the entire file. 
Returns the read bytes in the form of a string. 


>>> filel = open("E:\\mydata\\info. txt") 
>>> readInfo = file1.read(15) 


>>> print(readInfo 
It's time to wo 15 bytes read | 


` >>> type(readInfo) 
Bytes read into string type | 
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Description 


jo. “adline( ) <filehandle>.readline([n]) | reads a line of input ; if n is specified reads at 
g dE most n bytes, 


Returns the read bytes in the form of a string ending 
with In(line) character or returns a blank string if 
no more bytes are left for reading in the file 


>>> filel = open("E:\\mydata\\info.txt") 
>>> readInfo = filel.readline() 


>>> print (readInfo) 


It's time to work with files. 


readlines( ) <filehandle>.readlines() reads all lines na 


d returns them in a list 

>>> file1 = open("E:\\mydata\\info. txt") 
>>> readInfo = filel.readline() 

>>> print (readInfo) 


[“It's time to work with files.\n", ‘Files offer and 
ease and power to store your work/data/information 
for later use.\n', “simply create a file and 
store(write) in it -\n', ‘Or open an existing file 


and read from it.\n‘] Aii F 
ines rea 


>>> type(readInfo) EET, 


The <filehandle> in above syntaxes is the file-object holdin g open file’s reference. 


Let us consider some examples now. For the examples and explanations below, we are using a 
file namely poem.txt storing the content shown in Fig. 5.2. 


WHY ? 


We work, we try to be better 
We work with full zest 
But, why is that we just don't know any letter. 


We still give our best. 
We have to steal, 
But, why is that we still don't get a meal. 


We don't get luxury, 

We don't get childhood, 

But we still work, 

Not for us, but for all the others. 


Why is it that some kids wear shoes, BUT we make them ? 


by Mythili, class 5 


Figure 5.2 Contents of a sample file poem. txt. 
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Code Snippet | 
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HOn 
Reading a file's first 30 bytes and printing it 


~X 
File-object created ~~ myfile = open(r'E:\poem.txt', "r") 


, 


See the number of bytes to be 
str = myfile.read( 30) specified as argument of read( ) 
File-object being used —__ 
print(str) 


When we specify number of bytes with read( ), Python will read onl 


y the Specified numb 
bytes from the file. The next read() will start reading onwards from the last Position ņ Er of 
snippet 2 illustrates this fact. 


ead, c 
The output produced by above code is : 


>>> 


You may combine the fil 
A e( 
with the file-object’s functies Peni} 
WHY? . need to perform justa single me Ou 
Q 
we work, we try the open file. n 


If need to perform just a single task with the open file, then you may combine the two steps | i 
opening the file and performing the task, e.g., following statement : Psio 

a First function will ope 

>>> File(r"E :\poem.txt’, "r"), read(3@) function will perform with the result of first 


function, i.e., the reference of open file 
would give the same result as that of above code. 


n the file and the second 


For example, the following code will return the first line of file poem.txt : 
open(“poem.txt", "r") .readline() 


Code Snippet 2 Reading n bytes and then reading some more bytes from the last position read 
a, 
myfile = open(reE: \poem. txt’, 'r') 


str =myfile.read( 30 ) «<—————__ading 30 bytes ae ae 
print(str) in action 
Str2=myfile.read( 50 )«————— reading next 50 bytes okso 
print(str2) SAE 
myfile.close() Oy 
Scan 
The output produced by above code is : ae 
>>> Output by first print statement, i.e., print (str) 
WHY? _—_—__e 


print has entered a new line after its 
We work, we DY a output i.e., here 
to be better o P 
p tput i 
We work Wi th full zest ——— utput by second Print statement, 


i ie., print(str2 
But, why is t Prent (str2) 


Reading a file's entire content 


= myfile = open(r'E :\poem.txt’, "r" 


The output produced by above code is : 


str =myfile.read() — 


print(str) ie when no value is specified as read( )'s 
i rgument, entire file is read 
myfile.close() file is rea 


p You can also combine the open( ) and read( }) 
>> functions as : 
WHY? 


file("filename", <mode>).read( ) 


we work, we try to be better Solved problem 6 is based on this. 


we work with full zest 
But, why is that we just don’t know any letter. 
we still give our best. 

we have to steal, 

But, why is that we still don’t get a meal. 


we don’t get luxury, 

we don’t get childhood, 

But we still work, 

Not for us, but for all the others. 


why is it that some kids wear shoes, BUT we make them ? 
by Mythili, class 5 


Code Snippet 4 Reading a file’s first three lines - line by line 


myfile = open(r'E:\poem.txt', "r") 
str = myfile.readline() 
print(str, end=' ') 

str = myfile.readline() 


print(str, end=' ') <—__. Argument end = ‘’ at the end of print( ) statement 


str =myfile.readline() will ensure that output shows exact content of the 

: ii data file and no print-inserted newline characters are 
print(str, end=' ') fi i 
myfile.close() 


The readline( ) function will read a full line. A line is considered till a newline character (EOL) is 
encountered in the data file. 


The output produced by above code is : 


>>> 


We work, we try to be better <———— Line 5 
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Code Snippet 5 Reading a complete file - line by line 
i a 


myfile = open(rE:\poem.txt’, "r" 
str="" #initially storing a space (any non-None Value) 
while str: 

str = myfile.readline( ) 

print(str, end=' ') 
myfile.close( ) 


The output produced by the above code will print the entire content of file poem. txt, 


>>> 


WHY? 


We work, we try to be better 
We work with full zest 
But, why is that we just don’t know any letter. 


We still give our best. 
We have to steal, 
But, why is that we stil] don’t get a meal. 


We don’t get luxury, 

We don’t get childhood, 

But we still work, 

Not for us, but for all the others. 


Why is it that some kids wear shoes, BUT we make them ? 


by Mythili, class 5 


The readline() function reads the leading and trailing spaces (if any) along with trailing newline 
character(’\n’) also while reading the line. You can remove these leading and trailing white 
lines) using strip() (without any argument) as explained below. 


spaces (spaces or tabs or new 
y argument removes leading and trailing whitespaces. 


Recall that strip() without an 
There is another way of printing a file line by line. This is a simpler way where after opening a 
file you can browse through the file using its file handle line by line by writing following code: 


<filehandle> = open(<filename>, [<any read mode>]) 
for <var> in <filehandle> : 
print(<var>) 
5 P à A . ire 
For instance, for the above given file poem.txt, if you write following code, it will print the entir 
file line by line : 
myfile = open(r'E:\poem.txt', "r") 
for line inmyfile : 
print(line) 


ram. 
The output produced by above code is just the same as the output produced by be 
The reason behind this output is that when you iterate over a file-handle using a for loop, 


ae 


sios emer 
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loop’ variable moves through the file line by line where a line of a file is considered as a 
ped” ce of characters up to and including a special character called the newline character (\n). 
seque ar loops variable starts with first line and with each iteration, it moves to the next line. As 
the erates through each line of the file the loop variable will contain the current line of 


it 
the he string of characters. 
the 


ippet 6 Displaying the size of a file after removing EOL characters, leading and 
i 
ode SN 


cote pe trailing white spaces and blank lines 


myfile = open(r'E:\poem. txt’, "r" 
stri="" #initially storing a space (any non-None value) 
size =9 
tsize=9 
while str1 : 
str1 =myfile.readline() 
tsize = tsize + len(str1) 
size = size + len(str1.strip()) 
print("Size of file after removing all EOL characters & blank lines:", size) 
print("The TOTAL size of the file:", tsize) 
myfile.close() 


The output produced by the above code fragment is : 


size of file after removing all EOL characters & blank lines : 360 
The TOTAL size of the file : 387 


All the above code fragments read the contents from file in a string. However, if you use 
readlines( ) (notice ‘s’ in the end of the function), then the contents are read in a List. Go through 
next code fragment. 


Code Snippet 7 Reading the complete file-in a list 


myfile = open(r'E:\poem.txt’, "r" 

s =myfile.readlines() <——— noice it is readlines( ) not readline( ) 
print(s) 

myfile.close() 


Now carefully look at the output. The readlines( ) has read the entire file in a list of strings 
Where each line is stored ás one string : 


[' WHY?\n', '\n', 'we work, we try to be better\n', 'we work with 
fun zest\n', "But, why is that we just don’t know any letter. \n", 
‘\n', ‘We still give our best.\n', ‘we have to steal,\n', "But, why 
1s that we still don’t get a meal.\n", '\n', “We don’t get luxury, 
t a We don’t get childhood, \n", ‘But we still work,\n', ‘Not for 
a ut for all the others.\n', '\n', 'why is it that some kids wear 
Oes, BUT we make them ?\n', '\n', ‘by Mythili, class 5\n'] 
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Now that you are familiar with these reading functions’ working, let us write some pro 
rams 


5.1 Write a program to display the size of a file in bytes. 


rogram : 
myfile = open(r'E:\poem. txt’, "r") 
str = myfile.read() Sone 
size = len(str) pa ofthe a 
š was r : son 12 € given file 
print ("Size of the given file poem. txt is") 387 bytes Poem. txt is 


print(size, "bytes") 


5.2 Write a program to display the number of lines in the file. 
Output 


>>> 


rogram myfile = open(r'E:\poem.txt’, "r") 
Number of lines in Poem. txt js 18 


s =myfile.readlines() 
linecount = len(s) 
print ("Number of lines in poem.txt is", linecount) 


myfile.close() 


5.4.2 Writing onto Text Files 
After working with file-reading functions, let us talk about the writing functions for data files 
available in Python. (See Table 5.3). Like reading functions, the writing functions also work on 
open files, ie., the files that are opened and linked via a file-object or file-handle. 


‘Table 5.3 Python Data Files — Writing Functions 


Sno. | Name Syntax 


<filehandle>.write(str1) writes string str1 to file referenced by <filehandle> 


writes all strings in list L as lines to file refe- 
renced by <filehandle> 


<filehandle>.writelines(L) 


writelines( ) 


The <filehandle> in above syntaxes is the file-object holding open file’s reference 


Appending a File 

When you open a file in “w” or write mode, Python overwrites an existing file or creates a 
non-existing file. That means, for an existing file with the same name, the earlier data gets lost. 
If, however, you want to write into the file while retaining the old data, then you should open 
the file in “a” or append mode. A file opened in append mode retains its previous data while 
allowing you to add newer data into. You can also add a plus symbol (+) with file read mode to 
facilitate reading as well as writing. 

That means, in Python, writing in files can take place in following forms : 


(i) In an existing file, while retaining its content 
(a) if the file has been opened in append mode (“a”) to retain the old content. 
(b) if the file has been open in ‘r+’ or ‘at’ modes to facilitate reading as well as writing: 
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so create a new file or to write on an existing file after truncating/ overwriting its old 
(il nt 
conte. 


(a) jf th 

(b) if th 

H ke su 
(iii) sometimes, th 
and closing t 


e file has been opened in write-only mode (“w”) 

e file has been open in ‘wt’ mode to facilitate writing as well as reading 

re to use close( ) function on file-object after you have finished writing as 
ae content remains in memory buffer and to force-write the content on file 
he link of file-handle from file, close( ) is used. 


consider some examples now. 
s 


Create a file to hold some data 


Cre ai fileout = open ("Student .dat", "w") 


for i in range(5) : 
name = input ("Enter name of student :") 


fileout.write(name) n aS 
fileout.close() ~ The write() will simply write the content in file 


without adding any extra character. 


It’s important to use close() 


The sample run of above code is as shown below : 


>>> 

enter name of student : Riya 
Enter name of student : Rehan 
Enter name of student : Ronaq 
Enter name of student : Robert 
Enter name of student : Ravneet 


Now you can see the file created in the same folder where this Python script/program is saved 
(see Fig. 5.3(a) below). However, if you want to create the file in specific folder then you must 
specify the file-path as per the guidelines discussed earlier. 

Also, you can open the created file (“student.dat” in above case) in Notepad to see its contents. 
Fig. 5.3(b) shows the contents of file created through code snippet 5. 


File Edit Format View Help 
RiyaRehanRonagRobertRavneet r 


Name 
U codeSn2.py See, the file has 


L] codeSn5.py | been created in the 
|} codeSn6.py | Same folder where 
7 the script is saved 


The data you entered is part 
of the file. BUT notice that 
write() does not add a newline 


O prog4_1.p 
a character on its own. 


LJ prog4_2.py 
(2) Student.dat 


Fi . 
gure 5.3 (a) File created through open( ) with “w” mode is stored in the same folder as that of script file 
(b) The write( ) function does not add any extra character in the file. 
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Code Snippet 9 
ee 


Create a file to kold some data, separated as lines 
(This code is creating a different file than created with code snippet 8) 


fileout = open("Student1.txt”, "w") 

for i in range(5) : 
name = input("Enter name of student Sia) 
fileout.write(name) 


Fileout.write(\n') «—— The newline character “in” written after even ai 
” le 


fileout.close() 
The sample run of the above code js as sh, 
below : wn 
>>> 
See this time the file has | Enter name of student : Jaya 
newline characters at the _ Enter name of student : jivin 
Silat avery name'as Enter name of student : . 
you added a newline | Student : Jonathan 
after every name Enter name of student : Jagjeet 


Enter name of student : Javed 
The file created by code snippet 9 is shown above. 


Code snippet 10 Creating a file with some names separated by ner 
pieiet a aa 


oline characters 
function. 


without using write( ) 


(For this, we shall use writelines() inplace of write() function which writes the content 
of a list toa file. Function writelines() also, does not add newline character, so you have to 
take care of adding newlines to your file.) 


fileout = open("Student3 txt", "w") 
List1= [] 
for i in range(5) : 

name = input ("Enter name of student s) 

List1. append(name + ‘\n') SS. Responsibility to add newline 
fileout .writelines(List1) i ia ial 
fileout.close() 


i low: 
as tena eae Sample run of the above code is as shown be 


| Ele Edt Format View Help | 
————$—_$ a E 


Nitya 
Noor 


>>> 

Enter name of student : Nitya 
[< Enter name of student : Noor 

Enter name of student : Nathan 


Enter name of student : Naved 
Enter name of student : Navin 


gr t you are familiar with these writing functions’ working, let us write some programs 
Now aa the same. 
pase „ite a program to get roll numbers, names and marks of the students of a class (get from user) and 
5 3 = a these details in a file called “Marks.txt". 
j stor à: 
count = int(input("How many students are there in the class?")) 
og fileout = open ("Marks. txt", "w") 
foriin range(count) : 
print("Enter details for student", (i+1), "below:") 
rollno = int(input("Rollno: ))" 
name = input ("Name :") 
marks = float (input("Marks:")) 
rec = str(rollno) +","+name+","+str(marks) +\n' 
{AEE write (reeg Joining individual information by 
fileout. close() adding commas in between 
output 
sa many students are there in the class? 3 
enter details for student 1 below : ieee 
gol Ino : 12 | File Edit Format View Help 
é Hazel |12,Haze1,67.75 a 
Name + }1S,Jiya,78.5 
marks : 67-75 |16,Noor,68.9 


enter details for student 2 below : 


rollno : 


: Jiya l 
e 5 File created by above program ( program 5.3) 


r details for student 3 below : 


Name 
Marks 
Ente 


rollno : 
Noor 


Name : 
Marks : 


v 


15 


16 Figure 5.4 File created through program. 


68.9 


If you carefully notice, we have created comma separated values in one student record while 
writing in file. So we can say that the file created by program 5.4 is in a format similar to CSV 
(comma separated values) format or it is a delimited file where comma is the delimiter. 


j 5.4 


rogram 


Write a program to add two more students’ details to the file created in program 5.3. 


fileout = open ("Marks.txt" > e 


S Notice the file is opened in append mode 


(“a”) this time so as to retain old content 

for i in range(2) : 

print("Enter details for student", (i+1), "below :") 

rollno = int(input("Rollno:")) 

name = input ("Name :") 

marks = float (input ("“Marks:")) 

rec = str(rollno) +","+name+","+str(marks) #\n' 

fileout.write(rec) 
Fileout.close() 


We want to add two 
records this time 
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Enter details for student 1 below : ‘File Edit Format View Help Ee 


Rollno : 17 |12,Hazel,67.75 

Name : Akshar (15, Jiya,78.5 Ñ 
Marks : 78.9 far tes fj 
Enter details for student 2 below : 23, Jivin,89.5 

Rollno : 23 I< wi 
Name : Jivin : 
Marks : 89.5 Same file after adding two more records 


5.5 Write a program to display the contents of file “Marks.txt” created through programs 5.3 and r 
5 5.3 and 54 


rogram fileinp = open("Marks.txt", "r") l Output... 
while str : 12,Haze] 67.75 
str = fileinp.readline() 15, Jiya,78.5 
print(str) 16,Noor,68.9 


17, Akshar,78.9 


fileinp.close() 23,Jivin,89.5 


Have a look at some more examples of working with text files where we are using the followin 
text file (Fig. 5.5) 8 


File : Answer.txt 
Letter ʻa’ is a wonderful letter. 
It is impossible to think of a sentence without it. 


We know this will never occur. 


How mediocre our world would be without this single most powerful letter. 


Figure 5.5 The contents of file Answer.txt. 


5.6 Write a program to read a text file line by line and display each word separated by a ‘#’. 


myfile = open("Answer.txt", "r" 


line="" #initially stored a space (a non-None value) 
while line: 
line =myfile.readline() #one line read from file 
# printing the line word by word using split() 
for word in line.split(): 
print(word, end = '#') 
print() 
#close the file 
myfile.close() 
Output 


Letter#'a'#is#a#wonderful#letter.# 
It#is#impossible#to#think#of#a#sentence#without#it.# 

we#know#thi s#wi 11#never#occur.# 

How#medi ocre#our#wor 1d#would#be#wi thout#this#single#most#powerful#letter.# 


a ee eee a ara nine a Sean paneer 


Rc 


4 
f , FILÉ HANDLING 2ng 
g ina’ program t0 read a text file and display the count of vowels and consonants in the file. 
5.1 sige open(“Answer. txt", "r") 
ats #tinitially stored a space (a non-None value) 
oe" ch= Hee #variable to store count of vowels 
yon p #variable to store count of consonants 
ceour m #while ch stores a Non-None value 
a -myfile.read(1) #one character read from file 
pdam a A's e "E's 4's T'a 0% y U: 
vcount = vcount +1 
else : 
ccount = ccount +1 
print("Vowels in the file :", vcount) 
print("Consonants in the file :", ccount) 
# close the file 
myfile.close() 


54.3 The flush( ) Function 
i rite onto a file using any of the write functions, Python holds everything to write in 


ffer and pushes it onto actual file on storage device a later time. If however, you 
hon to write the contents of buffer onto storage, you can use flush( ) function. 


When you W 
the file in bu 
want to force Pyt 
Python automatically flushes the file buffers when closing them i.e., this function is implicitly 
called by the close( ) function. But you may want to flush the data before closing any file. The 


syntax to use flush( ) function is : 


<fileObject>.flush() 
Consider the following example code : writing of data on disc still 
f = open( ‘out. log’, ‘w+’) pending in output buffer. 


f.write( 'The output is \n’) 
f.write( "My" + "work-status "+" 


£.flush() a til With this statement, the strings written so far, 
> ie.. ‘The output is’ and ‘My work-status is’ 


is" 


have been pushed on to actual file on disk. 


s ='0K.' 
f.write(s) 
f.write('\n' 
Cen) ED These write statements’ strings may still 
# some other work be pending to be written on to disk 


f.write( 'Finally Over\n') 


f.flush() 
F.close() 


The flush( ) function ensures that whatever is held in 
Output buffer, is written on to the actual file on disk 


5.4.4 i . 
Removing Whitespaces after Reading from File 


TI 3 7 oe n 
e read() and readline() functions discussed above, read data from file and return it in string 


orr : ane 3 : ema 
it mat this readlines() function returns the entire file content in a list where each line is one 
em of the list. 


a 


— 
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All these read functions also read the leading and trailing whitespaces i.e., Spaces or tab 
newline characters. If you want to remove any of these trailing and leading Whitespaces So 


can use strip( ) functions [rstrip( ), Istrip( ) and strip( )] as shown below. 


Recall that : 
the strip( ) removes the given character from both ends. 


You 


the rstrip( ) removes the given character from trailing end i.e., right end. 
=> the Istrip( ) removes the given character from leading end i.e., left end. 


To understand this, consider the following examples : 
1, Removing EOL ^n’ character from the line read from the file. 
fh = file("poem.txt, "r") Will remove the end of line newline character ‘\n’ 


line = fh.readline() S >>> fh = filet" 
> = file("e :\\poem. o 
line = line.rstrip('\n') \p E iE 


>>> line = fh. readlineQ) 


2. Removing the leading whilespaces from >>> len(line) 


the line read from the file a 
line = file("poem.txt, "r").readline() >>> Tine2 = line.rstrip("\n') 
line = line. istrip() >>> len(line2) 
a3 
Now can you justify the output of following 
code that works with first line of file poem.text >>> line3 = line.stripQ 
shown above where first line containing leading >>> len(1ine3) 


8 spaces followed by word ‘WHY?’ and a ‘\n’ in 4 
the end of line. 


Info Box 5.1 


Steps to Process a File 


Following lines list the steps that need to be followed in the order as mentioned below. The five steps to use 


files in your Python program are : 


l. Determine the type of file usage 

Under this step, you need to determine whether you need to open the file for reading purpose (input type of 
usage) or writing purpose (output type of usage). If the data is to be brought in from a file to memory, then the 
file must be opened in a mode that supports reading such as “r” or “r+” etc. 

Similarly, if the data (after some processing) is to be sent from memory to file, the file must be opened in a 


“on 


mode that supports writing such as “w” or “w+” or “a” etc, 


2. Open the file and assign its reference to a file-object or file-handle 
Next, you need to open the file using open() and assign it to a file-handle on which all the file-operations will 
be performed. Just remember to open the file in the file-mode that you decided in step 1. 


3. Now process as required 
As per the situation, you need to write instructions to process the file as desired. For example, you might need 
to open the file and then read it one line at a time while making some computation, and so on. 


4. Close the file 
This is very important step especially if you have opened the file in write mode. This is because, sometimes 
the last lap of data remains in buffer and is not pushed on to disk until a close( ) operation is performed. 


e of File Pointer in File Handling 


Si nificance 


3,44 z file maint a ° . i 
“ gvery will take place. (A file pointer in this context works like a book-mark in a book). 


read rou read something from the file or write onto a file, then these two things happen 


ains a file pointer which tells the current position in the file where writing or 


- file-pointer : 
ration takes place at the position of file-pointer and To see 


i) this Ope ape 3 ait 
( er advances by the specified number of bytes working of file pointer 


ia file-poin i = in action 
5,6 illustrates this process. It is important to understand how a ool 
i ere works in Python files. The working of file-pointer has eke ra 
je pon" nt ie Ei E 
filet described in Fig. 5.6. ORS 


been 


{h= open ("Marks «txt, a. 


and place the file-pointer at the beginning of the file (see below) 


DRcECOHANONADONGtONANE 


pointer when file is opened in read mode (“r”), i.e., file-pointer lies in beginning 


will open the file 


position of file- 


ch=fh.read(1) 


byte from the file from the position the file-pointer is currently at ; and the file pointer advances by one byte. 
w the ch will hold ‘i’ and the file pointer will be at next byte holding value '2' (see below) 


Ler Pll “et 


See now, the file-pointer has advanced by 1 position as previous read operation read 1 byte only. 
Now the next read will take place at the current position of file-pointer. 


will read 1 
That is, no 


3, str=fh.read(2) 


will read 2 bytes from the file from the position the file-pointer is currently at and the file pointer advances by 2 bytes. 
That is, now the str will hold ‘2’, and the file pointer will be at next byte holding value ‘H’ (see below) 


See now, the file-pointer has advanced by 2 positions as previous read operation read 2 bytes only. 
Now the next read will take place at the current position of file-pointer. 


Figure 5.6 Working of a file-pointer. 


°4.5A File Modes and the Opening Position of File-Pointer 
The Position of a file-pointer is governed by the filemode it is opened in. Following table lists the 
pening position of a file-pointer as per filemode. 


able 5 : 
T 4 File modes and opening position of file-pointer 


File Modes 
1, th, r+, tht, r+b 
W, wb, wt, wb+, w+b 

a ab, a+, ab+, a+b 


Opening position of file-pointer 


beginning of the file S 2 aes 


beginning of the file (Overwrites the file if the file exists). _ 


at the end of the file if the file exists otherwise creates a new file. 


a: 
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5 STANDARD INPUT, OUTPUT AND ERROR STREAMS 


If someone asks you to give input to a program interactively or by typing, you know wh 
device you need for it - the keyboard. Similarly, if someone says that the output is to at 
displayed, vou know which device it will be displayed on — the monitor. So, we can Safely sa, 
that the Keyboard is the standard input device and the monitor is standard output disiro 
Similarly, any error if occurs is also displayed on the monitor. So, the monitor is also Standard | 
error device. That is. | 
© standard input device (stdin) — reads from the keyboard | 
© standard output device (stdout) — prints to the display and can be redirected as standard | 
input. 
= standard error device (stderr) — Same as stdout but normally only for errors. Having error 
output separately allows the user to divert regular output to a file and still be able to read 
error messages. 
Do you know internally how these devices are implemented in Python? These standard devices 
are implemented as files called standard streams. In Python, you can use these standard stream 
files by using sys module. After importing, you can use these standard streams (stdin, stdout 
and stderr) in the same way as you use other files. 


Interesting : Standard Input, Outnut Devices as Files 
If you import sys module in your program then, sys.stdin.read( ) would let you read from 
keyboard. This is because the keyboard is the standard input device linked to sys.stdin. Similarly, 
sys.stdout.write() would let you write on the standard output device, the monitor. sys.stdin and 
sys.stdout are standard input and standard output devices respectively, treated as files. 


Thus sys.stdin and sys.stdout are like files which are opened by the Python when you start 
Python. The sys.stdin is always opened in read mode and sys.stdout is always opened in wrile 
mode. Following code fragment shows you interesting use of these. It prints the contents of a 
file on monitor without using print statement : 


import sys 
fh = open(r"E:\poem.txt") 
These statements would . : 
write on file/device line1 = fh.readline() 


associated with sys.stdout, line2 = fh. readline( ) 
which is the monitor ; | 


= sys.stdout.write(line1) 
> sys.stdout.write(line2) 


sys.stderr.write("No errors occurred\n") 


Output produced is : 
>>> SS SSS=>SS5=SS===>S>==S===>=-== 
>>> 
WHY ? 


We work, we try to be better 


No errors occurred «—___ . 
a See, stderr also displayed its text on monitor. 


ement for files is very handy when you have two related operations which you'd like to 
vith a block of code in between. The syntax for using with statement is : 


on’s with stat 
acute asa pall, v 


filename>, <filemode>) as <filehandle> : 


with open (< 
¿filem 


ic example is opening a file, manipulating the file, then closing it : 
i 


anipulation statements> 


The class 
with open(‘output. txt’, Ww) as f: 
¢.write(‘Hi there!') 


ye with statement will automatically close the file after the nested block of code. The advantage of 
y mee statement is that it is guaranteed to close the file no matter how the nested block exits. Even if an 
ve pe (a runtime error) occurs before the end of the block, the with statement will handle it and 
excep 


dose the file. 


d Relative Paths 


Absolute an , 
file or directory or folder consists of path \ primaryname.extension. 


Full name of a 
ı is a sequence of directory names which give you the hierarchy to access a particular 


Path : p s 
directory or file name. Let us consider the following directory structure : 
=E 
(root folder) the 
top most folder | 
EO eee m aaa A 
| Project | |_ Soles | | Accounts A 
er S| A ae: aes aan 
rT | ia pa 
provi | CLDAT| PROJ2 | Monthly | Yearly — CASH | BANK HISTORY | 
= t — — J act far elit 
sae I ' | s | 
| | ee eee ee uaan a E 
mse] Ew E ee 
TA | eee a 
=e a ee 2 2 


fp | i 


i o [ 7: 
| ONE, ON! 
- oe | u ene | Sere | Oe. BACKUP | 
e — S 


— 


Figure 5.7 A Sample Directory Structure. 
Now the full name of directories PROJECT, SALES and ACCOUNTS will be 
E:\PROJECT, E:\SALES and E:\ACCOUNTS respectively. 
So format of path can be given as 
Drive-letter:\directory [\directory...] 


where fi 
ere first \ (backslash) refers to root directory and other (‘\’s) separate a directory name from 
€ previous one, 


cr se a in PRE NP PSO PS EE A ae S setae a "aes 
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Now the directory BACKUP’S path will be : 


E:\SALES\YEARLY\BACKUP 


As to reach BACKUP the sequence one has to follow is : under drive E, under root dire 
(first \), under SALES subdirectory of root, under YEARLY subdirectory of SALES, llen T 
les 


BACKUP directory. 


Similarly full name of ONE.VBP file under PROJ2 subdirectory will be : 


E:\ PROJECT\PROJ2\ONE.VBP 


refers to 
root directory 


The full name of a file isp 
directory is also tlt 


Now see there are two files with the same name CASH.ACT, one under ACCOUNTS directo 

and another under HISTORY directory but according to Windows rule no two files can hae 
same names (path names). Both these files have same names but their path names differ 
therefore, these can exist on system. Therefore, CASH.ACT ,‘s ' 


path will be 


E : \ACCOUNTS\CASH. ACT 


and CASH.ACT,'s path will be 


E : \ACCOUNTS\HISTORY\CASH. ACT 


Above mentioned path names are Absolute Pathnames as they 
mention the paths from the top most level of the directory 


structure. 


sat 

yo p 
c% 

G 


1. In which of the following file modes, 
the existing data of file will not be lost ? 


(a) ‘tb’ (b) ab (c) w 
(d) w+b  (e)'a+b  (f) wb 
(g) wb+ (h) w+ (i) t+ 


What would be the data type of variable 
Gata in following statements ? 


(a) data = f.read( ) 

(b) data = f.read(10) 

(c) data = f.readline( ) 

(d) data = f.readlines( ) 

. How are following statements different ? 
(0) f.readline{ ) 

(b) f.readline( ).rstrip( ) 

(c) Lreadline )j.strip( ) 

td) Ereadline.rstrip(\n’) 


NOTED A. 


The absolute paths are from the 
topmost level of the directory 
structure. The relative paths are 
relative to current working 
directory denoted as a dot(.) 
while its parent directory is 
denoted with two dots(..). 


Relative pathnames mention the paths relative to current 
working directory. Let us assume that current working 
directory now is, say, PROJ2. The symbols . (one dot) and 
.. (fwo dots) can be used now in relative paths and 
pathnames. The symbol . can be used in place of current 
directory and .. denotes the parent directory. 

So, with PROJ2 as current working folder, pathname of 


T $ å 
TWO.DOC will be: aya pac in current folder 


. \TWO.DOC (PROJ2 being working Folder) 


which means under current working folder, there is file 
TWO.PAS. Similarly, path name for file CL.DAT will be 


«+ \CL.DAT h (PROJ2 being working Folder) 
CL.DAT in parent folder 


which means under parent folder of current folder, there lies 
a file CL.DAT. Similarly, path name for REPORT.PRG will be 


. .\PROJ1\REPORT . PRG Folder} 


that is under parent folder’s subfolder PROJ1, there lies @ 
file REPORT.PRG, 


(PROJ2 being working 


b ee A Ys GeO A aie. neal 


AA 
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che 


KING WITH BINARY FILES 


wo ee aN. 
5,0 ow you have learnt to write lines/strings and lists on files. Sometimes you may need to 
win read non-simple objects like dictionaries, tuples, lists or nested lists and so forth on to the 


gree objects have some structure or hierarchy associated, it is important that they are 
| ed in way 5° that their structure/hierarchy is maintained. For this purpose, objects are often 
a d and then stored in binary files. 
spf Miz 
| g gerjalisation (also called Pickling) is the process of converting Python object hierarchy 
. into a byte stream so that it can be written into a file. Pickling coverts an object in byte 
| stream in such a way that it can be reconstructed in original form when unpickled or 
de-serialised. 
> Unpickling is the inverse of Pickling where a byte stream is converted into an object 
hierarchy. Unpickling produces the exact replica of the original object. 
python provides the pickle module to achieve this. As per HEASNESNAS S 
python’s documentation, “The pickle module implements a “Pickling” is the process whereby 
ntal, but powerful algorithm for serializing and a Python object hierarchy is 
fundame! 4 5 F “pl : : converted into a byte-stream, 
de-serializing 4 Python object structure. In this section, you shall and “unpickling” is the inverse 
Jearn to use pickle module for reading/writing objects in operation, whereby a byte- 
| binary files. stream is converted back into an 
object hierarchy. 


In order to work with the pickle module, you must first import it 


in your program using import statement : 


import pickle 
And then, you may use dump() and load() methods! of pickle module to write and read from an 
open binary file respectively. Process of working with binary files is similar to as you have been 
doing so far with a little difference that you work with pickle module in binary files, i.e., 
(i) Import pickle module. 
(ii) Open binary file in the required file mode (read mode or write mode). 
(iii) Process binary file by writing/reading objects using pickle module’s methods. 


(iv) Once done, close the file. 


Following sub-sections are going to make it clear. 


9.6.1 Creating/Opening/Closing Binary Files 


| A binary file is opened in the same way as you open any other file (as explaine 
| earlier), but make sure to use “b” with file modes to open a file in binary mode e.g., 


d in section 5.3 


Dfi = u " 1 " 
ae open("stu.dat", "wb+") <——————- Binary file opened in write mode with file handle as Dfile 


| Or ta 
| strita Notice ‘b’ is used with the file modes 
Filet = open(" ee: 
pen("stu.dat", “rb") <—————— Binary file opened in read mode with file handle as File1 
e/de-serialise objects in string 


1 There ate two si 
we shall only cover only load( ) 


form whit 
eload 
and dump () 


milar functions dumps( ) and loads( ) of pickle module but these serialis 
fu () and dump( ) serialise objects for an open binary file. But as per syllabus, 
Nctions in this chapter. 


OPNS 
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Like text Giles, a binary file will get created when opened in an output file mode 
exist already. That is, for the file modes, “w”, "H+", "a", the file will get created if it d 
not exist already but if the file exists already, then the file modes u” and ’ Oe 
” will retain the contents of the file. 


i 


ry 


the file and the file mode “a 
An open binary file is closed in the same manner as you close any other file, je. as; 


Dfile.close(} 
Let us now leam to work with pickle module's methods to write/read into binary files 


5 If you are opening a binary file in the read mode. then the file must esist otherwise an exception (a 
£ run time error) is raised. Also, in an existing file, when the last record is reached and end of file 
ni (EOF)is reached. if not handled properly, it may raise EOFError exception. Thus itis important to 
= handle exceptions while opening a file for reading. For this purpose, it is advised to open a file in 


read mode either in try and except blocks or using with statement. 


m- 
son 
ta 


5.6.2 Writing onto o ry File — Pickling 
In order to write an object on to a binary file opened in the write mode, you should use dump() 


function of pickle module as per the following syntax : 

pickle. dump(<object-to-be-written>, <file handle-of-open-file> ) 
For instance, if you have a file open in handle file1 and you want to write a list namely list1 in 
the file, then you may write : 

pickle. cuvp(listi, filei) “——————— Object list1 is being written on file opened with file handle as Filet 


In the same way, vou may write dictionaries, tuples or any other ENO TE ian 


Python object in binary file using dump() function. 
$ . Python allows you to pickle objects 
with the following data types : 


Booleans, Integers, Floats, Complex 


For instance, to write a dictionary namely student! in a file 


open in handle file2, you may write : 
F : numbers, Strings, Tuples, Lists, Sets, 
pickle.cump(stucenti, file2) m Dictionaries containing picklable 
elements, and classes’ objects etc. 


Object student] is being written on 
file opened with file handle as File2 


Now consider some example programs given below. 
5.8 — Write a program to a binary file called emp.dat and write into it the employee details of some 
employees, available in the form of dictionaries. 
ogam import pickle 
# dictionary objects to be stored in the binary file 
emp1 = {'Empno' : 1201, 'Name' : ‘Anushree’, 'Age' : 25, ‘Salary’ : 47000} 
emp2={'Empno’ : 1211, ‘Name‘: 'Zoya', 'Age' : 36, 'Salary' : 48000} 
emp3 = {'Empno' : 1251, 'Name' : 'Simarjeet', 'Age' : 27, 'Salary' : 49000} 
emp4 = {'Empno' : 1266, 'Name' : 'Alex', 'Age' : 29, ‘Salary’ : 50000} 


p” 


FILE HANDLING 
open file in write mode 
# le= open( ‘Emp. dat’, ‘wb') ————— See, ‘we for write made and D for the binary file 


empfi 
gwrite onto the file 


{ckle.dump(emp1, empfile) ) 
pickle. dump(emp2, empfile) pe eee a a mn on file opened 


pickle. dump (emp3, empfile) 
pickle. dump (emp4, empfile) 

print (“successfully written four dictionaries") 

enpfile.close( ) # close file 

e program will create a file namely Emp.dat in your program's folder and if you try to 
created file with an editor such as Notepad, it will show you some garbled values (as 
cause binary files are not in human readable form. 


The abov 


open the 
shown below) be 


1 Vew Help = 
fie pt Fore Nameq A AnushreeghC Ageda Salarydi’-u.€0}q (G  fecro 2 


faa Ewpnogt2d< 
Binary fie when opeced in an editor, shows 
you some garbled values because binary 
oul i J l fies are not in buman readable form, 
5.9 Write a program to get student data {roll no., name and marks) from user and write onto a binary file 
The program should be able to get data from the user and write onto the file as long as the user wants. 
rogom 
import pickle 
stu={} # declare empty dictionary 
stufile = open('Stu.dat', 'wb') g open file 
# get data to write onto the file 
ans='y' 


while ans == 'y' : 
rno = int(input("Enter roll number : ")) 
name = input("Enter name : ") 
marks = float(input(“Enter marks : ")) 
# add read data into dictionary 
stu[ 'Rollno'] = pno 


Output 
Enter roll number : 11 
Enter name : Sia 


E ee) = name Enter marks : 83.5 
stu['Marks' ] = marks want to enter more records? (y/n)... 
#nowwrite into the file Enter roll number : 12 
pickle. dump(stu, stufile) Enter name : Guneet 
; ana = input("Want to enter more records? (y/n)... ") acap Se 
tufile.close() f want to enter more records? (y/n)... 
# close file Enter roll number : 13 
The sample Enter name : James 
Program i Tun of above — Enter marks : 81 
want to enter more records? (y/n).. 


as shown here. 


These 3 student records are 


written to the file sru.dat 


n 


sg 
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5.6.2A Appending Records in Binary Files 


Appending records in binary files is similar to writing, only 

thing you have to ensure is that you must open the file in [NO TETEE A 
ie, “ab” fi ed in append mode will 

append mode (i.e. “ab”). A file opened in append moc TE Ehee 

retain the previous records and append the new records file, make sure to ope 

written in the file. Just as you normally write in a binary file, append mode (“ab” 


you write records while appending using the same dump() 
function of the pickle module. 


n a bina 
n the file in 
or “abe"), 


5.10 Write a program to append student records to file created in previous program, by getting d 
user. 


ata from 


rogram 
import pickle 
# declare empty dictionary 
stu={} 
# open file in append mode 


stufile =apen("Stu.dat’, 'ab') +———— For appending the records, the file is opened in 
# get data to write onto the file append mode. Rest of the program is similar to 
ans='y' that of writing records. 
while ans == 'y' : 

rno = int(input("Enter roll number : ")) 

name = input("Enter name :") 

marks = float( input("Enter marks : ")) 

# add read data into dictionary 

stu['Rollno'] = rno 

stu['Name'] = name 

stu['Marks'] = marks 

# now write into the file 

pickle.dump(stu, stufile) 

ans = input ("Want to append more records? (y/n)...") 
# close file 
stufile.close() 


The sample run of the above program is as shown below : 


Enter roll number : 14 

Enter name : Ali 

Enter marks : 80.5 e 1 more studeni record is appended to the file stu.dat 
want to append more records? (y/n)...n 


5.6.3 Reading from a Binary File - UnPickling 


Once you have written onto a file using pickle module’s dump() (as we did in the previous last 
section), you need to read from the file using load() function of the pickle module as it would 
then unpickle the data coming from the file. 


_) 
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ile H 
tet? 


qne 10° 


<object? 


P O function is used as per the following syntax : 


k pickle. load(<filehandle>) 
to read an object in nemp from a file open in file-handle fout, you would write : 


ad( fout) 4——— A Read from the file opened with file handle as fout und store 


the read data in an object namely nemp 


rjnstanc® 


‘ fo 
ickle.1o 


nemp = P 
sram 5.11 does the same for you. It reads the objects written by program 5.8 from the 


following Prd displays them. But before the program 5.11, read the following box. (Important) 
mp.aar © 


you move onto the program code, it is important to know that pickle.Joad( ) function 


put before 


ould raise EO i he below gi 
w handle this by following one of the below given two methods. 
you can He 


» Use try and except blocks “ Using with statement 


f IMEORTANT 


() Use try and except blocks 
Thus, you must write pickle.load( ) enclosed in try and except statements as shown below. The try 
cept statements together, can handle runtime exceptions. In the try block, i.e., between the try 
md cet keywords, you write the code that can generate an exception and in the except block, i.e., 
bow the except keyword, you write what to do when the exception (EOF ~ end of file in our case) 
has occurred. (See below) 


¢filehandle> = open (<filename>, <readmode>) 


try i gor In the try block, write the pickle.load( ) 
<object> = pickle . load(<filehandle>) statement and other processing statements. 
In order to read all the records, read inside a : 


# other processing statements loop as shown in the following program. 


Use this keyword with except keyword 


uci 
except EOFError : for checking EOF (end of file) 


<filehandle>.close() ga In the except block, write code for what to 
do when EOF exception has occurred, 


Here, you just need to just concentrate on the syntax; you need not go in further details of try and 
, except as it is beyond the scope of the book. 


(i) Using with statement 


a with statement is a compact statement which combines the opening of file and processing of file 
F a aiei eaii : = Bak : 
ong with inbuilt exception handling. (Refer to Info box 5.2 given earlier where we have talked about 


a j ; ; à A j 
x with statement.) The with statement will also close the file automatically after with block is over. 
ou can use the with statement as : 


withopen(<filename>, <mode>) as <file handle>: 

# use pickle. loadhere in this with block 

# perform other file manipulation task in this with block 
Notice that you need no 


P 
lease note that while w 
not arise as Most w 


t mention any exception with the with statement, explicitly. 


riting onto file, the exceptions like “File does not exist” or the EOF error do 
rite modes create the file if it does not exist already and you can write onto them as 
l.e., there is no restricting EOF marker for writing. 


Sn the program below, we have used both the try..except block (in programs 5.1] ands 
the with statement (in programs 5.13 and 5.14) for working with the fj 


< to z ? . -r a 
BALL Wri a progam to open the file Emp.dat (created in program 3.4), read the object 


terjen 


COUSOTTED Cri Ene 
me HAMVISTE?S SCIENCE wings o 
£ Wii PARHON 


a tem S Written in it and 
import pickle 

tdeclare empty dictionary object; it will hold the read record 

emp =i} 

cugfile « open('Emp.dat', 'rb') # open binary file in read node 

tread from the File 

try: Paül. repwuteilly; when nu mene recimls, it will gie LOF 


ee and take you ty except Wack where file iz closed 


while True; W4t will become False when the end of File 1s reached (EOF exception) 


emp = pickle, load(empfile) am.. This statement would unpickle the object being rey d from fhe 
om fi 


pránt(enp) s= 
You can mrw uw the object in usual way ley 


except EOFError: TESTER 
empfile,close() « # close file 


wt The statements ta this block will yet ezecuted when LOL has 


occurred, be, the file will be lowed an reaching LOL 


we printed 


The output produced by the above program will be : 


{'Empno': 1201, ‘Name's ‘Anushree’, ‘Age's 25, ‘Salary’: 47000} | — 


{‘Empno': 1211, ‘Name's: 'Zoya', ‘Age’: 30, ‘Salary’: 48000} 


Mt is returning the same data 


{'Empno': 1251, ‘Name's ‘Simarjeer', 'Age': 27, ‘Salary’: 49000} as we wrote in the previous 
{'Empno'; 1266, ‘Name's 'Alex', ‘age’: 29, ‘salary’: 50000} pogam Campare mai 


duta of the previous program) 


Now that you have an idea of how to read and write in binary files, let us write a few more 
programs before we talk about searching in and updating the binary files. 


5.12 Write a program to open file created and used in programs 5.9 and 5.10 and display the student 


rogram 


records stored in it. 


import pickle 

stu = {} # declare empty dictionary object to hold read records 
fin» open('Stu.dat', 'rb') — t open binary file in read mode 

# read from the file 


try: 
print("File Stu.dat stores these records") 
while True : # it will become False upon EOF 
stu = pickle. load(fin) #t read record in stu dictionary from fin file handle 
print (stu) # print the read record 
except EOFError: 
fin. close() tt close file 


os 
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NG 
Koun ©) 
5 FE HA 


gh a oduced by above program will be: 
u 


5 these records 
ile 5 tyame's 'Sia', ‘Marks’: 62.5} 
A ‘; 1, ‘ '  tuarys's 60.53 
pepo lf 12, tyame’s ‘Guneet’, ‘Marks’: 80.53 
gol * oO pame’: ‘James’, ‘varks': 61.0} 
cA 


dat store 


f gono" i tyang’ s ali’, "Marks; 20.5} = fas, the upperded eead is alos kete 
: I: ' taia 
ropa! oe 
cream a binary file namely myfilein§o and write 2 sting having two lines in i 
Slav J 
5.13 
4mport pickle 
Ge tring = "This is my first line. This is second line.” 
s 5 
. Ba or pe 14 fle nfl, 
with open (“myfile. info”, "vio") as fi: File myfile.info is opened in file karnie fh 
ipls fh 
pickle dump(stríing, ĵ rie All file processing statements inside the with black. 
print("File successfully created.”) 
periere ROE has created binary file namely myfile.info that stored the given string in the 


binary format. 


5.14 Write a pogram to read from the file myfile.info created in previous program and display the siring 
i until letter ʻo’ is encountered, ie., display all the text before the lener 'o’. 


lá import pickle 


st =" 
with open( "myfile. info", "rb") as fh: 

st = pickle. load(fh) 

Ist = st.split(‘o') Pe e 


print( lst[@] ) 


All file processing statements inside the with block. 


The output produced by above program is as shown below ; 
This is my first line. This is sec —————— See, the text before the letter ‘o' is displayed 
5.6.4 Searching in a File 


There are multiple ways of searching for a value stored in a file. The simplest being the 
sequential search whereby you read the records from a file one by one and then look for the 
s key in the read record. We are covering the same method here. That is, in order to search 
or some value(s) in a file, you need to do the following : 

) g 9 j i | i i 
(Please note that objects read from the file are being referred to as records in this chapter.) 

1. Open the file in read mode. 

: Read the file contents record by récord (ie, object by object). 
r In every read record, look for the desired search-key. 
g If found, process as desired, 
6 


. If r 
i not found, read the next record and look for the desired search-key. 
- If se 


arch-key is not found in any of the records, report that no such value found in the file. 
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Following program is just doing the same. It is using a Boolean variable namely foy 

False initially and stores True, as soon as the search is successful. In the end this v that is 
. . . d S i 

tested for its value and accordingly the message is reported. ariable is 


5.15 Write a program to open file Stu.dat and search for records with roll numbers as 12 or 14: i 
‘ foung 


display the records. 
rogram 
import pickle 
stu ={} # declare empty dictionary object to hold read records 
found = False 
fin =open('Stu.dat', 'rb') # open binary file in read mode 
searchkeys = [12, 14] # list contains key values to be searched for 


# read from the file 


try: 
print("Searching in File Stu.dat ...") 
while True : # it will become False upon EOF exception 


stu = pickle. load(fin) # read record in stu dictionary from fin file handle 
if stu['Rollno'] in searchkeys :——— Searching for in the read record 


print(stu) #print the record 


` found = True — 
except EOFError: 


if found == False : 
print("No such records found in the file”) 


This block will get executed when the search is successful. 


else: ry a iaaa 
, | Searching in File Stu.dat ... 
print("Search successful.") | {'Rollno': 12, 'Name': 'Guneet', 'Marks': 80.5} 
fin.close() # close file ~ {'Rollno': 14, 'Name': 'Ali', 'Marks': 80.5} 


Search successful. 
pa 


5.16 Read file stu.dat created in earlier programs and display records having marks > 81. 


rogem import pickle 
stu ={} # declare empty dictionary object to hold read records 
found = False 
print("Searching in file Stu.dat ...") 
# open binary file in read mode and process with the with block 
with open('Stu.dat', 'rb') as fin: 
stu = pickle. load(fin) # read record in stu dictionary from fin file handle 
if stu[ ‘Marks'] > 81: 
print(stu) # print the read record 
found = True 
if found == False: . 81 


print("No records with Marks > 81") $ Searching in file Stu.dat for roe z 33.5} 
Bleue |. {'Rollno': 11, 'Name': ‘Sia’, ‘Marks = 


print(“Search successful.") ee a 
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a š 
goe" in a Binary File 
an object means changing its value(s) and storing it again. Updating 
ar and is a three-step process, which is : 


al updating 
you KO file is simil 
' be updated by searching for it 


e the record lo 


res in the loaded record in memory (the read record) 
res 


file at the exact location of old record. 

‘ty perform the first two steps by whatever you have learnt so far. But for the third 
pcan easily | 5 know the location of the record in the file and then ensuring that the record 
written at the exact location. Thus, we shall first talk about in the following 
btain the location of a record and how you can place the file pointer 
ments of updating in a file). 


jtten ÍS Y 

p-section how you can o i 

io cific Jocation (require 
ssing and Manipulating Location of File Pointer - Random Access 

cce o 

rovides two functions that help you manipulate the position of file-pointer and thus 

ey ad and wrile from desired position in the file. The two file-pointer location functions 


tell() and seek(). These functions work identically with the text files as well as 


565A A 


you can re 
of Python are : 
the binary files. 


the tell( ) Function 
The tell( ) function returns the current position of file pointer in the file. It is used as per the 


following syntax : 


<file-object> .tell() 


where file-object is the handle of the open file, e.g., if 
the file is opened with handle fin, then fin.tell() will 
give you the position of file pointer in the file 
opened with the handle fin. 


File Edit Format View Help 
'12,Hazel,67.75 A 
15,Jiya,78.5 

16,Noor, 68.9 


17,Akshar, 78.9 
23,Jivin,89.5 v 


Consider some examples, given below. We are using 
the same file “Marks.txt” (shown on the right) that 
we created in earlier examples. 


Now consider the following code snippet : 
fh = open("Marks.txt", "r") 
print("Initially file-pointer's position is at:", fh.tel1()) 
print ("3 bytes read are:", fh.read(3)) ——— 5 bytes read 


To get current position of file pointer 


print ("After previous read, Current position of file-pointer:", fh.tel1()) 


The output produced by the above code will be : 
>>> 


Í Initially file-pointer is at Oth byte 


Initi . ; 
Itially file-pointer’s position is at : 0 aa 


3 g 
bytes read are : 12 C—O Notice first 5 bytes of the file contain 1, 2 and a comma 


After reyi 
previous read, Current position of file-pointer : 3 


Sper reading ï bytes 


file-pointer’s position is 3. 
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Now consider the following modified code : 


fh = open("Marks.txt", "r") 

print ("3 bytes read are:", fh.read(3)) 

print ("After previous read, Current position of file-pointer: ", fh.tell( )) 
print ("Next 5 bytes read:", fh.read(5)) 

print ("After previous read, Current position of file-pointer:", fh.tell()y 


The output produced by above code will be : 


>>> 


3 bytes read are: 12, A 
: ER | : š eturned by 
After previous read, Current position of file-pointer: 3 — ~ e'umed by first fi.teny ) 


Next 5 bytes read: Hazel 
PEE . à Returned by 
After previous read, Current position of file-pointer: 8- by second fh tell ) 


The seek{ ) Function 


The seek() function changes the position of the file-pointer by The <file-object>.tell( ) function 


placing the file-pointer at the specified position in the open file. returns the current position of 
file pointer in an open file. 


The syntax for using this function is : 
y g And the <file-object>.seek( ) 
function places the file Pointer 


<file-object>.seek( offset[, mode] ) er intial 
y an open 


where file. 
offset is a number specifying number-of-bytes 
mode is a number 0 or 1 or 2 signifying 


0 for beginning of file (to move file-pointer w.r.t. beginning of file) it is default position 
(i.e., when no mode is specified) 

1 for current position of file-pointer (to move file-pointer w.r.t. current position of it) 

2 for end of file (to move file-pointer w.r.t. end of file) 


file object is the handle of open file. 


The seek( ) function changes the file pointer’s position to a new file position = start + offset with 
respect to the start position as specified by the mode specified. 


Consider the following examples : 


fh = open("Marks.txt", "r") will place the file pointer at 50th byte from the beginning 

: of the file (default) 

fh. seek(3@) will place the file pointer at 30th byte ahead of 
current file-pointer position (mode = 1) 


fh. seek(38, 1 ) will place file pointer at 30 bytes behind (backward 


on ell direction) from end-of file (mode = 2) 
fh.seek(-39, 2) 

ee ea will place the file pointer at 30th byte from the begin- 
fh.seek(39, Ə) ning of the file (mode = 0) 


fh.seek (-5,1 ) e—a Hil place file pointer at 5 bytes behind (backward direction) 


from current file-pointer position (mode = 1) 
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it is clear that you can move the file-pointer in forward direction 


gP ; 
ith the @ ie ee tes) as well as the backward directi ; 
wit i positive value for by ackward direction (by giving negative value for 
(wit 
pytes)- one thing that you should bear in mind is that : 
revel, 7 i 3 
g a ckward movement of file-pointer is not possible from NOTE 
a : i 
j the peginning of the file (BOF). You can move the file-pointer in 
d movement of file-pointer is not possible from forward direction (positive value 
© forwar file (EOF) for bytes) as well as the 
the end of : backward direction (by giving 
consider some examples based on the above-discussed negative value for bytes). 
re pointer Jocation functions. a 
1 


Check the position of file pointer after read( ) function 


nippet |! 
code 5 fh= open( "Marks. txt", "p") 


print(fh.read()) 
print("File-pointer is now at byte :", fh.tell()) 


The output produced by above code is : 


12,Hazel, 67.75 
15,Jiya,78.5 
16,Noor , 68.9 
17,akshar ,78.9 


23,Jivin, 89.5 This value is returned by fh.tell( ) 
File-pointer is now at byte : 75 ae 
including ‘\n’ at the end of every line and thus 


an make out that file has 74 characters 
t the end-of file and thus showing 75. 


As you C 
he entire file, the file-pointer is a 


after reading t 


Code Snippet 12 Read the last 15 bytes of the file “Marks.txt” 
ae eer 
fh= open("Marks.txt", ip") 

fh.seek(-15, 2) <———. Place the file pointer 15 bytes before the 
str1 = fh.read(15) file (thus mode = 2) 
print("“Last 15 bytes of file contain :", str1) 


The output produced by above code is : 
Last 15 bytes of file contain : 23,Jiv in,89.5 [NOTE am 
Armed with the knowledge of file-pointer location functions, functions seek( ) and tell( ) work 


you can now easily update a file. Following sub-section will identically in text and binary files. 
explain this. 


end of 


9.6.58 Updating Record(s) in a File 
Hts recall the three-step updation process mentio 
(') Locate the record to be updated by searching for it. 
(ii) Make changes in the loaded record in memory (the read record). 
(iti) Write back onto the file at the exact location of old record. 


ned earlier, which is : 


| 
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To determine the exact location, the enhanced version of the updation process Would be 
(i) Open file in read as well as write mode. (Important) ` 
(17) Locate the record : 
(a) Firstly store the position of file pointer (say rpos) before reading a record 
(b) Read record from the file and search the key in it through appropriate test Conditio 
(c) If found, your desired record's start position is available in rpos (stored in step Pi 
(iii) Make changes in the record by changing its values in memory, as desired. 
(iv) Write back onto the file at the exact location of old record. 
(a) Place the file pointer at the stored record position (the exact location) using seek() 
Le., at rpos, which was stored in step a (the exact location of the record be 7 
(b) Write the modified record now. The previous step is important and necessary äg 


any operation read or write takes place at the current file pointer’s position, S 
c s : A A . 00 
the file pointer must be at the beginning of the record to be Over-written, 


Following example program illustrates this process. 


5.17(a) Consider the binary file Stu.dat storing student details, which you created in earlier programs 
Write a program to update the records of the file Stu.dat so that those who have scored more than 
rogram 81.0, get additional bonus marks of 2. 


Note. Important statements have been highlighted. 


import pickle 
stu ={} # declare empty dictionary object to hold read records 
found = False 
# open binary file in read and write mode 


fin = open('Stu.dat', 'rb+') <——____ pi important to open the file in read 
as well as write mode ; hence rb+ 


ing updated) 


# read from the file 


try: Before reading any record, firstly store its beginning 
while True : p position — its exact position 


rpos = fin.tell() # store file-pointer position before reading the record 
, stu = pickle. load(fin) 


: p 3 Locating the desired record through search condition 
if stu['Marks'] >81:<——___ s P 


ze hes ' stu['Marks'] +=2 # changes made in the record; 2 bonus marks added 

e-pointer a 

the exact fin.seek(rpos)  #place the file-pointer at the exact location of the record 

= of the pickle.dump(stu, fin) #nowwrite the updated record on the exact location 

record you 

stored earlier inet | 
found = True After placing the file-pointer at the exact location, | 

except EOFError: now write the updated record 


if found == False: 


print("Sorry, no matching record found. ee, 


else: i 
print("Record(s) successfully updated. ") 
fin.close() # close file 


o 
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, program will look for the desired matching record (with marks > 81) and make the 
he above -į and write back into the file. 
a jn ite 


7 
chang! a message : 


Reco! 
ing program reads the modified file and displays its records. You can see yourself if the 
in 

igllow a 
cord is modified 
re 
7(b) pisplay the records of file Suudat, which you modified in of program 5.17(a). 
5.1 


wiet) it declare empty dictionary object to hold read records 
# open binary file in read mode 

fin = open( 'Stu.dat', 'rb') 

# read from the file 


i print("File Stu.dat stores these records") 
while True : 
stu = pickle.load(fin) # read record in stu dictionary from fin 
print(stu) #print the read record 
except EOFError: 
fin.close() # close file 


The output produced by above program is : 


File Stu.dat stores these records 

{‘Rollno': 11, 'Name': 'Sia', ‘Marks’: 85.5} ——— See. the matching record's i have been 
{'Rollno': 12, 'Name': 'Guneet', ‘Marks’: 80.5} enone ae Wah ee 
{'Rollno': 13, 'Name': 'James', 'Marks': 81.0} 

{'Rollno': 14, 'Name': 'Ali', 'Marks': 80.5} 


You can also place the file pointer backwards using negative values in bytes BUT for that you 
need to get the size of record (i.e, the object stored in the file) in bytes. Getting the size of a 
record in bytes is not straight forward in Python. For that you need to import a different module 
(e.g., sys or cpickle etc.). Covering these modules here is beyond the scope of the book and thus 
we advise you to use the method covered above. 


5.18 Write a program to modify the name of rollno 12 as Gurnam in file Stu.dat (created in earlier 
programs) 
rogram 
import pickle 


Se] # declare empty dictionary object to hold read records 


found = False 


fi = ' A 
kA Open('Stu.dat', 'rb+' ) #open binary file in read and write mode 
read from the file 
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try: 
while True: # it will become False upon EOF exception 
rpos = fin.tell() # store file-pointer position before reading the recor 
stu = pickle. load(fin) # read record in stu dictionary from fin file kad 
if stu["Rollno'] == 12 : #locate matching record : 
stu[ "Name" ] = 'Gurnam' # changes made in the record 
fin.seek(rpos) #place the file-pointer at the exact location of the record 
pickle.dump(stu, fin) 
found = True 


except EOFError: 
if found == False: 
print("Sorry, no matching record found.") 


else: 
print("Record(s) successfully updated. =) 
fin.close() # close file 


If run the code of program 5.17(b) to display the contents of modified file, it will show you the 
contents as : 


File Stu.dat stores these records 
{*Rollno’: 11, ‘Name’: ‘Sia’, ‘marks’: 87.5} 

e See, the name of record with Rollno 12 is modified 
{£*RollIno’: 12, ‘name’: ‘Gurnam’, ‘Marks’: 80.5} Compare with the output of previous program, 
{*Rollno’: 13, ‘Name’: ‘James’, ‘Marks’: 81.0} 
{‘RolIno’: 14, ‘Name’: ‘Ali’, ‘Marks’: 80.5} 


While modifying a binary file, make sure that the data types do not get changed for the value being 
modified. For example, if you modify an integer field as value +value *0.25; then the result may be 
a floating point number. Such a change may effect pickling and unpickling process and sometimes 
it leads to the Unpickling Error. Thus, make sure that modification of file data does not change the 
data type of the value being modified. 

If you still need to have such modification then you can do it in a different way — 

(i) Create a new file ; 

(iij write records into the new file until the record to be modified is reached; 
(iil) modify the record in memory and write the modified record in the new file; 
{iv) Once done. Delete the old file and rename the new file with the old name. 

{v) Deleting and renaming of files can be done through the os module’s remove ) and renamef ) 


functions a5 os remoy e(<filename>) and os.renamef-old filename>, <new filename). 


(Make sure to import the os module before using its functions). 


Following exceptions may arise while working with the pickle module. 
pickle.PicklingError Raised when an unpicklable object is encountered while writing. 


pickle.UnpicklingError Raised during unpickling of-an object, if there is any problem (such 
as data corruption, access violation, etc). 
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G WITH CSV FILES 

y files are delimited files that store tabular data (data stored in rows and 

in spreadsheets or databases) where comma delimits every value, i.e., the 

column eparated with comma. Typically the default delimiter of CSV files is the comma 

yalues are 5 implementations of CSV files allow you to choose a different delimiter character 
modem h line in a CSV file is a data record. 


t Eac 
() bY mma. ba 
t other than 4 zonsists of one or more fields, separated by inore ae oe 
ecor : 


(or the chosen delimiter). The separator character of CSV files 
a files are the text files, you can apply text file procedures ís called a delimiter. Default and 
Since csv fi anal values using split() function BUT there Most popular delimiter is comma. 


57 ji know that G5 


you as we see 


t . . . z Heme 3 e 
on Geada of handling CSV files, which is - using csv aeaee aa 
: etter ee z $ 4, 
is a We of python. In this section, we are going to talk about semi-colon (:) characters. 
modu can read and write in CSV files using the csv module ep 
how you 
methods 


ule of Python provides functionality to read and write tabular data in CSV format. 
It provides fwo sp ecific types of objects — the reader and writer objects - to read and write into 
a files. The csv 
records in a CSV file. 

You will practically learn to use the reader and writer objects and the functions to read and 
write in CSV files in the coming sub-sections. But before you use csv module, make sure to 
import it in your program by giving a statement as : 

import csv 


57.1 Opening/Closing CSV Files 
ACSV file is opened in the same way as you open any other text file (as explained in section 5.3 
earlier), but make sure to do the following two things : 

(i) Specify the file extension as .csv 
(ii) Open the file like other text files, e.g., 
Dfile = open("stu.csv", "w" 


) 
Or ie CSV file opened in write mode with file handle as Dfile 


Filel = open("stu.csv", "r") 
d ~V peed in read madewihpiehandikäs File! 


An iei : ae 
open CSV file is closed in the same manner as you close any other file, i.e., as: 


Dfile.close() 


Like text fi i Nore o 
ike text files, a CSV file will get created when opened in an 


Out i wet i P 
Put file mode and if it does not exist already: That is, for DPecy RES ste popularbecaisepf 


the file ; 
m KETT ow Yo umnu ” ` 4 A h : Eas te, 
itd odes, “w”, “w”, “a” “a+ , the file will get created if car epee g oe ae 
Oes not exist already aee g H (iù preferred expo: and import 
modes “y” eady and if it exists already, then the file format for databases and spread- 
and “w” wi 5 ears 
le iiaia 4 atid ba “will overwrite the existing file and the sheets, (iii) capable of storing large 
f or “a +” will retain the contents of the file. amounts of data. 


a 
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5.7.1A Role of Argument newline in Opening of csv Files 
While opening csv files, in the open(), you can specify an additional argument Newline wh; 
is an optional but important argument. The role of newline argument is to specify how as 
Python handle newline characters while working with csv files vould 
As csv files are text files, while storing them, some types of translations occur _ such 
translation of end of line (EOL) character as per the operating system you are Working on 
Different operating systems store EOL characters differently. The MS-DOS EE 
Windows and 08/2), UNIX, and Macintosh operating systems all use different character 
designate the end of a line within a text file. Following table 5.4 lists the EOL characters et he 
different operating systems. y 

T able 5.4 EOL characters used in different operating systems. 


Symbol/Char Meaning 


Operating System 


| cR Nr] | Carriage Retum | Macintosh 
[tE Nn] | Line Feed | UNIX 
| CR/LF [\r \n] | Carriage Retum/Line Feed | MS-DOS, Windows, OS/2 


Other OSs 


| Null character 


Now what would happen if vou create a csv file on one operating system and use it on another. 
The EOL of one operating system will not be treated as EOL on another operating system. Also, 
if vou have given a character, say ‘\r’, in vour text string (not as EOL but as part of a text string) 
and if vou trv to open and read from this file on a Macintosh system, what would happen ? Mac 
OS will treat every ‘\r' as EOL - yes, including the one vou gave as part of the text string, 


So what is the solution? Weil, the solution is pretty simple. Ere es 


Just suppress the EOL translation by specify third argument 


wline =‘ (null string — no space in quotes). Additional optional argument as 


of open() asne 

: E con a n z a newline =” (null string; no space in 
If vou specify the new Ene argument while writing onto a CSV between) with file open( ) will 
le, it will create a csv file with no EOL translation and you ensure that no translation of end of 
will be able to use csv file in normal way on any platform. line (EOL) character takes place. 


atic an atl a ae: . x 
That is, © pen your csv file as : sonal string : no space in benveen 


"w", newline ='' 
es ) iii CSV file opened in write mode with file handle 
as Dfile (no EOL translation) 


file =open("stu.csv", 


Or 


Filel =open("stu.csv", “r”, newline = '' CSV file orened in read mode with file kandle 
a J 
as Filet (no EOL translation) 


Not only this is useful for working across different platforms, it is also useful when you work on the 


same platform for wtiang and reading. You will be able to appreciate the role of the newline argument 
when we talk about reading from the csv files. Program 5.21 onwards it will be clear to you. 


Let us now learn to work with csv module’s methods to write / read into CSV files. 


5.7.2 Writing in CSV Files 
Writing into csv files involves the conversion of the user data into the writable delimited form 
and then storing it in the form of csv file. For writing onto a csv files, you normally use the 


following three key players functions®. 


2. Other than the above shown functions, there are other functions too like DictWriter( ) function but these are beyond the 
scope of the syllabus, hence we shall not cover these in this chapter. 


a + 
eer) 


3, 


OO ee n Tall ETP wei ne 


— — 


iter() at S returns a writer object which writes data into CSV file 
wr 3 
(csv: 


ee act. writerow() | writes one row of data onto the writer object 
| writer? J 


| ewriterob 


ject>.writerows() | writes multiple rows of data onto the writer object 


eed, it is important for you to understand the significance of the writer object. 
files are delimited flat files and before writing onto them, the data must be in 
3 , it is important to convert the received user data into the form 


lowing figure 5.8 illustrates this process. 
Follow 


csv.writer object 


Delimited 
data 


It converts the user data 
into csv writable form, 
ie., delimited string form 
as per csv settings. 


csv.writerow( ) 


csv.writerow( ) is 
used to write onto 
the writer object 


Figure 5.8 Role of the csv writer object. 


Let us now learn to write onto csv files. In order to write onto a csv file, you need to do the 
following (Note, in order to appreciate the use of newline argument, we shall initially create csv files 
without the newline argument first and later we shall create csv files with newline argument too.) 
(i) Import csv module 
(ii) Open csv file in a file-handle (just as you open other text files), e.g., 
fh = open("student.csv", "w") 
(iii) Create the writer object by using the syntax as shown below: 


<name-of-writer-object> = csv.writer(<file-handle>, [delimiter = <delimiter character>]) 
If you skip this argument, comma will be used as the delimiter ed 
eg., 
stuwriter = csv.writer (fh) 1 you opened the file with this file handle in previous step 


In the above statement, delimiter argument is not specified. When you skip the delimiter 
argument, the default delimiter character, which is comma, is used for separating 
characters. But if you specify a character with delimiter argument then the specified 
character is used as the delimiter, e.g., 


Stuwriter = csv.writer(fh, delimiter = '|') 


The above statement will create file with delimiter character as pipe symbol (‘I’). 


It de 

ex <i a ie something called dialect, which by default is set for producing excel format like csv files. It can even be 

the keah. A tab character is the delimiter. You can set the dialect using dialect argument but we shall only work with 
alect and hence won't use dialect argument here. For further details on dialect argument, you may refer to the 


on's documentation, 


(iv) 


(2) 


(vi) 


You only need to write into the writer object. Rest of the work it will do itself, i.e. 
data into delimited form and then writing it onto the linked csv file. 


COMPUTER SCIENCE WITH PYTH 
le) 


~ Xi 


Obtain user data and form a Python sequence (list or tuple) out of it, e, 
Sturec = (11, 'Neelam', 79.0) 


8s 


Write the Python sequence containing user data onto the w 


riter object using csy writ 
. . s: e 
or csv.writerows( ) functions, e.g., row( 


csv.writerow(Sturec) 


Both the writerow() and writerrows( ) functions can be used for writing onto 4 
object. We shall discuss about how to use writerows() function little later, For 


Ne Writer 
us focus on writing through writerow() function, ie., writing single row 


Now l 
. u det 
ata time, 
are written in th 
adings as “ 


CSV files can also take the names of columns as header rows, which 
Same way as any row of data is written, e.g, to give column he 


: Rollno” 
“Name” and “Marks”, you may write : nor 


stuwriter.writerow( ['Rollno', 'Name', 'Marks']) 


Once dore, close the file. 


7 Converting the 


Let us now do it practically. Following program illustrates this process. 


5.19 


The sample run of the above program is as shown below : 


Write a program to create a CSV file to store student data (Rollno., Name, Marks 


). Obtain data from 
user and write 5 records into the file. 


import csv 

fh = open("Student.csv", "w") #open file 

stuwriter = csv.writer(fh) 

stuwriter.writerow( ['Rollno', 'Name' » ‘Marks']) #write header row 


for i inrange(S): 
print("Student record", (i+1) ) 
rollno = int(input(“Enter rollno:")) 
name = input(“Enter name:") 
marks = float (input("Enter marks:")) 


sturec = [rollno, name, marks] #create sequence of user data 
stuwriter.writerow(sturec) 


Column headings written 


Python sequence created from user data 


fh.close() #close file 


Python data sequence written on the writer 
object using writerow( ) 


Student record 1 Student record 3 Student record 5 
Enter rollno:11 Enter rollno:13 Enter rollno:15 
Enter name:Nistha Enter name:Rustom Enter name:Sadaf 
Enter marks:79 Enter marks:75 Enter marks:85 
Student record 2 Student record 4 

Enter rollno:12 Enter rollno:14 

Enter name:Rudy Enter name:Gurjot 

Enter marks:89 Enter marks:89 
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cron open the folder of your Python program, you will see that Python has created a file 


now if Y? pe Student.csv 


See, a CSV file 
(look at its Type) 


N j A 
€ a Nime npa - has got created. 
i g auick' į dtud.dat gaiei = e IR 
| op Dr # | 7 
| { Mictosoft Excel Comma Separated Values File 
| | D7 Buthfile - 
| E DŻ A ; y 
| a ay [> test? Python File 1KB o 
1 lis Pir? ina] paw 
i [E] 
31 items 
And if you (0) 


File Edit Format View Help 
Rollno,Name,Marks 
| 11,Nistha,79.0 
/12,Rudy, 89.2 
13,Rustom,75.8 z | 
14,Gurjot,89.0 i 
15,Sadaf,85.0 


Compare the data with 
what was typed in sample 
run of the above program 


The writerows( ) Function | 
Ifyou have all the data available and data is not much lengthy then it is possible to write all data 
inone go. All you need to do is create a nested sequence out of the data and then write using the 
writerows( ) function. The writerows( ) method writes all given rows to the CSV file, e.g., to 
write following nested sequence, you can use the writerows( ) function : 


Sturec = [ [11,Nistha,79.@], [12,Rudy,89.0], [13,Rustom,75.0] ] i 


<writerobject>.writerows(Sturec) i 


Tn Each inner list will now be written as a 


Following program illustrates this. separate record in the csv file. 


5.20 The data of winners of four rounds of a competitive programming competition is given as : 


"gram ['Name', 'Points', 'Rank'] 
['Shradha', 4500, 23] 
['Nishchay', 4809, 31] 
['Ali', 4509, 25] 

['Adi', 5100, 14] 
Write a l 


ieee 
t ‘ctr 


rogram to create a csv file (compresult.csv) and write the above data into it. 
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import csv 


fh = open(“compresult.csv”, “w”) 
cwriter = csv.writer(fh) 
compdata = [ 
['Name', 'Points', *Rank'], 
[’Shradha', 4509, 23], 
['Nishchay', 4800, 31], a This nested sequence Contains mulgi 
['Ali' , 4508, 25], data in the form of inner lists Multiple "ecord,: 
[ ‘Adi’, 5100, 14] } 


cwriter.writerows (compdata) te 
fh.c lose() Nested list written in one go using 


Writerows () 


7 mi 


The above program will create a csv file and in e e aa = 
: . . p Format Viey, 1, 
Not i Ue gon ie View Help 
otepad, it will look like : Name, Points, Rank n 
Shradha, 4508,23 
You can also create the nested sequence program- Nishchay,48e6,31 
matically by appending one record to a list while Ali, 4500,25 
writing using writerows( ) function. Solved problem 48 Agi ATBP i4 Ş 


performs the same. 


Please note that till now we have created csv files without using the newline argument, which 
means that EOL translation has taken place internally. How this impacts a csv file, will become 
clear to you soon when we start Programming in the following section. 


5.7.3 Reading in CSV Files 


Reading from a csv file involves loading of a csv file’s data, parsing it (i.¢., removing its 
delimitation), loading it ina Python iterable and then reading from this iterable. Recall that any 
Python sequence that can be iterated over in a for-loop is a Python iterable, e.g. lists, tuples, and 
strings are all Python iterables. 


For reading from a csv files, you normally use following function A 


csv.reader() | returns a reader object which loads data from CSV file into 
an iterable after parsing delimited data 


The csv.reader object does the opposite of csv.writer object. The csv.reader object loads data 
from the csv file, parses it, i.e., removes the delimiters and returns the data in the form of a 
Python iterable wherefrom you can fetch one row of data at a time. (Fig. 5.9) 


Iterable 


MEMORY 


csv.reader object 


| One row 
of data 


as, 

| One row 
One row 
of data 


It parses the delimited 
csv file data and loads 
it into an iterable. 


Loop for reading 


fetch one row ata time 
from reader object 
using a loop 


Figure 5.9 Role of csv.reader object, 


fi 
| 


FILE HANDLING 


rar A 

crap? learn to read from csv files. In order to read from a csv file, you need to do the 
now ` 

perni 

following * 
i) import csv module 
(I er 
i) Open oY file in 
ji 
( <file handle> = open (<csv-file>, <read mode>) 


a file-handle in read mode (just as you open other text files), 


lgu 


fh= open( "student. A i 


The file being opened must already exist otherwise an exception will get raised. Your 
ode should be able to handle the exception i.e., through try..except. (Alternatively you 
c 


an use the with statement as mentioned below.) 
c 


iii) Create the reader object by using the syntax as shown below : 
(ii 


cname-of-reader-object> =csv.reader(<file-handle>, [delimiter =<delimiter character>]) 


Eg. A l l 
you opened the file with this file handle in previous step 

stureader = csv .reader (fh) 4—7 

You may also specify a delimiter character other than a comma using the delimiter 

argument, e.g. 


stureader = csv.reader(fh, delimiter = '|') 


(iv) The reader object stores the parsed data in the form of iterable and thus you can fetch 
from it row by row through a traditional for loop, one row at a time : 
a Loop to fetch one row at a time in ree from the iterable 
for rec in stureader : 
print (rec) # or do any other processing 


(v) Process the fetched single row of data as required. 


(vi) Once done, close the file. 


All the above mentioned steps are best performed through with statement as the with 
statement will also take care of any exception that may arise while opening/reading a file. Thus 


you should process the csv file as per the following syntax, which combines all the above 
mentioned steps : 


with open (<csv-file>, <read mode>) as <file handle> : 
<name-of-reader-object> = csv.reader(<file-handle>) 
for <row identifier> in <reader object> : 
: # process the fetched row in <row identifier> 


Practically. 
Follow 7 


in z : 
& Program is doing the same. 


Csv files are flat, text files. 
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ON 
You created the file compresult.esv in the previous Program as shown h 


~X 
— Write a program to read the records of this csv file and 
display them, 


Note. Before we write the code 


for this program, recall that the Rene 
given file created in the previous program, was created without Neon 45e, 23 a 
Specifying the newline argument in the file open() function. So |Ali, 4500 de 
have a look at the previous program's (program 5.20) code before Adi,5100,14 
Starting with this program's code. 


, 
import csv 


with open("compresult.csv", "r")as fh: 
creader = Csv.reader(fh) 


for rec in creader : 


. 4— Loop to fetch one row 
print(rec) 


at a time in rec from the i 
te iterable jy 
1 creado, 
r 


The above program will produce the result as : 


['Name', 'Points', 'Rank'] 


O 
['shradha®, a, 7 


Where have these empty rows come 
(] from ? 


['Nishchay', '4800' » "3094 We never entered empty rows. Refer 
g to the sample run of program 5.20. 
me a 


['ali' , "4500! , '25'] Then what is the source / reason of 
[] —_—_—__————————_ these empty rows 2 


(] 


Compare the above output with the sample run of previous program (program 5.20). We never 


entered empty rows. Then where have these empty rows come from? Any idea? 
You guessed it right. We did not specify the newline argument in the file open() function while 
creating/writing this csv file (compresult.csv, in this case) and thus EOL translation took place, 


which resulted in the blank rows after every record while reading. In fact, the above shown file 
data was internally stored as : 


['Name', 'Points’', 'Rank'] \r 


\n Every data record line was appended with EOL character ‘\r\n 
['Shradha', '45¢0'. ' 23']\r on Windows OS because of EOL translation 
3 > 
\n 
['Nishchay', '4800", '31'] \r 


\n 


i i newline 
So what is the solution ? You are right again ©. We should have created the file with 
argument set to null string (‘ ’) so that no EOL translation could take place. 


A 


above sitt 


ration can be handled in two ways : 
« 


it | 


It ) y i W i new i =^" are in ope ft 1c tion so 
1 fac rite “SV 2 W a ument in pen( ) u 
fr fí t, Create/write onto cs file ith e line 5 Į 


p) 

argument), opt 

a ` 

i SV file was creale 
cs 

ro felted as: 


open(<csvfilename>, 


recall that the table 
IN t 


Prog" 


5,22 The csv file (compresult. 


n would not arise. Programs 5.23(a) and (b) illustrate this solution. 


read from a file which is created with EOL translation (i.£., nO qeveline 
on it with newline argument set to the EOL character of the OS where the 
ated. For instance, if you created the csv file on a Windows OS, open file 
th newline argument set as ‘\r\n’ because the EOL on Windows is stored 


Now the file will be read considering every ‘\r\n 


character as newline. 
<readmode>, newline = '\r\n') alt 


5.4 lists EOL characters on various operating systems. 


5,22 handles this situation using method 2 listed here. Let us have a look at it. 
am 9.40 0 


csv) used in the previous program was created on Windows OS where the 


EOL character is ann’. Modify the code of the previous program so that blank lines for every EOL 


are not displayed. 
rogram 


import csv 
with open("compresult.csv", mp 
creader = CSV. reader(fh) 
for rec in creader : 
print(rec) 


The output produced by above program is : 


See, no blank | 
lines this time } 


['Name', ‘Points’, 'Rank'] 
['shradha', '4500', '23'] 
['Nishchay', '4800', '31'] 
PA, ‘4500’, '25'] 
['adi', '5100', '14'] 


, newline ='\r\n') as fh: 


N 


Now the file will be read considering every ‘\r\n’ character as 
end of line and not as a separate line 


The newline argument can be 
specified in independent openl } 
statement as well as in the open| ) 
of withstatement. 


fe 3 Sa treat the earlier listed problem of blank lines in between records using the method 1 
s e a ” For this, we shall create the file with newline argument and then we shall not need 
i y newline argument while reading as no EOL translation would have taken place. 

rograms 5.23(a) and (b) are illustrating the same. 


5.23 (a) 


Write i 
a program to create a csv file by suppressing the EOL translation. 


rogram 


import csv 
th = open("Employee.csy", " 


ewriter = Csv.writer(fh) 
empdata = [ 


gpi This argument ensures that no EOL 
w", newline =") translation takes place 


'E o g oig . 
Tuy » Name', Designation’, 'Salary'], 
81, ‘Trupti', ‘Manager’ 56000], 
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[1002, 'Raziya', "Manager' ,55900], 


[18@3, ‘Simran’, ‘Analyst’ , 35000], 
(1004, "Silviya', 'Clerk' » 25000], 
[1005, 'Suji','PROfficer' , 31020 ] 
] 
ewriter.writerows(empdata) 
print("File successfully created") 
fh. close() 


The above program created a file as shown below : 


Eile Edit Format View Help 
Empno, Name , Designation, Salary ^ 
1061, Trupti, Manager , 56000 
1682, Raziya,Manager 559098 
1083, Simran, Analyst, 35000 
1804, Silviya, Clerk, 25ee0 
10@5,Suji,PR Officer, 31000 v 


Let us now read from the above created file. This time we need not specity the newline 
argument as no EOL translation has taken place. Program 5.23(b) is doing the same. 


5.23(b) Writea program to read and display the contents of Employee.csv crean 


n the previo 1S pro 
rogram import csv 


, See, we did not specify newline argument in 
" ' —— SA 
with open( Employee.csv", "r")asfh: the open( ) as no EOL translation took 
ereader = csv. reader (fh) place when the file was created 
print("File Employee. csv contains :") 
for rec in ereader : 


print(rec) 


The output produced by the above program is : 


sat ; ` 
S File Employee.csv contains : 
5:2 


[‘Empno’, ‘Name’, ‘Designation’, ‘Salary’] 
[‘1001’, ‘Trupti’, ‘Manager’, ‘56000'] 


1, What are text files ? [*1002’, ‘Raziya', ‘manager’, ‘55900"] 

2. What are binary files ? [‘1003', ‘simran’, ‘Analyst’, ‘35000'] 

3, What are CSV files ? [*1004’, ‘silviya', ‘clerk’, ‘25000’] 

4. Name the functions used to read and [*1005', ‘suji', ‘pr officer’, ‘31000'] 
write in plain text files. a 


3. Name the functions used to read and See, no blank lines in between the records this time beca: 
write in binary files, the csv file was created with no EOL translation. 
6. Name the functions used to read and 


write in CSV files. With this we have come to the end of this chapter. 
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DATA FILES IN PYTHON 


pao Progress In Python 5.1 
pl 


p session aims at giving you practical exposure to file handling in Py 


UI 


mhis pri thon. 


Fill it in PriP 5-1 under Chapter 5 of Practical component-book — Progress 


after Practically doing it on the computer. 


>>>% 


in comp 


nce with Python 


UIE 


tet US REVISE 


A file in itself is a bunch of bytes stored on some storage devices like hard-disk, thumb-drive 


The data files can be stored in three ways : (i) Text files (ii) Binary files (iii) CSV files. 
Atext file stores information in ASCII or Unicode characters, w 


here each line of text is terminated, (delimited) with 
aspecial character known as EOL (End of Line) character. In text files some internal manipulations take place when 
this EOL character is read or written. 


etc. 


A binary file is just a file that contains information in the same format in which the ir 
ie., the file content that is returned to you is raw (with no translation or no specifi 


<- The open( ) function is used to open a data file in a program through a file- 


A file-mode governs the type of operations (e.g., read / write 
the file will be used once it’s opened. 


< Atext file and a csv file can be opened in these file modes : ‘r’ » W, ‘a’, ‘r+’, ‘wt’, “a+? 
A binary file can be opened in these file modes ; ‘rb’ , ‘wb’, ‘ab’, ‘r+b’ (*rb+’), ‘w+b'(Swb+’), ‘a+b’(ab+’). 
The three file reading functions of text files are : read( ), readline( ), readlines( ) 


- While read( ) reads some bytes from the file and returns it as a string, readline( ) reads a line at a time and 
readlines( ) reads all the lines from the file and returns it in the form of a list. 


The two writing functions for Python text files are write( ) and writelines( ). 
While write( ) writes a string in file, writelines() writes a list in a file. 
Pickle module's dump( ) and load( ) functions write and read into binary files. 


The input and output devices are implemented as files, also called standard streams. 


There are three standard streams : stdin (standard input), 
The absolute 


working dire 


ifermation is held in memory, 
c encoding). 


object (or a file-handle). 
/ append) possible in the opened file i.e., it refers to how 


2 6 


Wa 


stdout (standard output) and stderr (standard error) 
paths are from the topmost level of the directory structure. The relative paths are relative to current 
ctory denoted as a dot(.) while its parent directory is denoted with two dots(..). 
Every open file maintains a file 
` The seek ) function places the 
The tell ) function returns the 
iti, are delimited files th 
ases) where comma delir 


-pointer to determine and control the position of read or write operation in file. 
file pointer at specified position. 
current position of file-pointer in open file. 


at store tabular data (data stored in rows and columns as we see in spreadsheets or 
P nits every value. 
or Writing onto a csv file, us 


er data is written on a csv.writer object which converts the user data into delimited 
O ei 
7m and writes it on to the c 


: sv file. 

Or readj 

x reading from a csy file, 
rator wherefrom the rec 


` CSV files Should be opene 


csv.reader loads data from the csv file, parses it and makes it available in the form of an 
ords can be fetched row by row. 


d with newline argument to suppress EOL translation. 
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ay. H 
C Aiective Type Questions Thy 
SRSA 
OTQ, 


HY, +; . 
Multiple Choice Questions 


l. Information stored on a storage device with a specific name is called a 
(a) array (b) dictionary (c) file (@) ty, 
2. Which of the following format of files can be created Programmatically tl = 
some data ? ough p 
(a) Data files (b) Text files Mo Stop, 
(c) Video files (d) Binary files 
3. To open a file c:\ss.txt for appending data, we use 
(a) file = open(“c:\ \ss.txt”, “a") (b) file = open(“c:\ \ss.txt”, “ry 
(c) file = open(r“c:\ss.txt", “a") (d) file = open(file = “e:\ 8s, txe” myr 
(e) file = open(file = “c:\ \ss.txt”, “w”) (f) tile = upen(“e: \res.txt”) 
+. To read the next line of the file from a file object infi, we use 
(a) infi.read(all) (b) infi.read( ) 
(c) infi.readline( ) (d) infi.readlines( ) 
5. To read the remaining lines of the file from a file object infi, we use 
(a) infi.read(all) (b) infi.read( ) 
(c) infi.readline( ) (d) infi.readlines( ) 
6. The readlines( ) method returns 
(a) str (b) a list of lines 
(c) a list of single characters (d) a list of integers 
7. Which of the following mode will refer to binary data ? 
(a) r (b) w (c) + (d) b 
>. In file handling, what does this term means “t, a’? 
(a) read, append (b) append, read 
(c) all of the mentioned (d) none of these 
9. Which function is used to read all the characters ? 
(a) read( ) (b) readcharacters( ) 
(c) readall( ) 


(d) readchar( ) 
10. Which function is used to read a single line from file ? 

(a) readline( ) 

(c) readstatement( ) 


(b) readlines( ) 
(d) readfullline( ) 
11. Which function is used to write all the characters ? 
(a) write( ) (b) writecharacters{ ) 
(c) writeall( ) (d) 


writechar( ) 


12. Which function is used to write a list of strings 


(a) writeline( ) fe 


(c) writestatement( ) 


ne 3 rrr ee ae 
ol 
TSE T BE e 
l 4 


chapler 


3, which of the following, represents mode of both writing and reading in binary format in file.? 


14. 


16. 


Fill 


1. 


Vv 
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(a) wbt (b) w (c) wb (d) w+ 
which of the following is not a valid mode to open a file ? 

(a) ab ae (©) r+ (d) w+ 
what is the difference between r+ and w+ modes ? 
(a) No difference. 


ca mode, the pointer is initially placed at the beginning of the file and for w+, the pointer is 
placed at the end. 


(e) Inwt mode, the pointer is initially placed at the beginning of the file and for r+, the pointer is 
placed at the end. 


(d) Depends on the operating system. 

Which of the following command is used to open a file “c:\pat.txt” in read-mode only ? 

(a) fin = open(“c:\pat.txt”, “r”) (b) fin = open(”c:\ \pat.txt”, ue") 

(c) fin = open(file = “c:\pat.txt”, “r+”) (d) fin = open(file = “c:\\pat.txt”, “r4!') 
Which of the following statements are true regarding the opening modes of a file ? 

(a) When you open a file for reading, if the file does not exist, an error Occurs. 

(b) When you open a file for writing, if the file does not exist, an error OCCIS. 

(c) When you open a file for reading, if the file does not exist, the program will open an empty file. 

(d) When you open a file for writing, if the file does not exist, a new file is created. 

(e) When you open a file for writing, if the file exists, the existing file is overwritten with the new file. 
Which of the following command is used to open a file “c:\pat.txt” for writing in binary format 
only ? 

(a) fout = open(“c:\pat.txt”, “w") (b) fout = open(“c:\ \pat.txt”, “wb”) 

(c) fout = open(“c:\pat.txt”, “w”) (d) fout = open(“c:\ \pat.txt”, “wb+”) 

Which of the following command is used to open a file “c:\pat.txt” for writing as well reading in 
binary format only ? 
(a) fout = open(“c:\pat.txt”, “w” (b) fout = open(“c:\ \pat.txt”, “wb") 
(c) fout = open(“c:\pat.txt”, owe’) (d) fout = open(““c:\ \pat-txt”, “wb+”) 
. Which of the following functions do you use to write data in the binary format ? 
(a) write( ) (b) output( ) (c) dump( ) (d) send( ) 


in the Blanks 


The default file-open mode is ____ mode. 
A_____ governs the type of operations (e.g, read/write/append) possible in the opened file. 
The two types of data files can be — files and ____ files. 

The other name for file object is 


The___ file mode will open a file for read and write purpose. 


The __file mode will open a file for write and read purpose. 
To close an open file, method is used. 
- To read all the file contents in the form of a list, — 


To write a list in a file, method may be used. 


method is used. 


COMPUTER SCIENCE WITH, py 
THO 
N 
Xi 
buffer on to storage file, — method may l 
i “ v Yo 
ule ot Python ts used. hi 


Python to write the contents of file 
inte binary files. a mod r 
writes dat 


ads data trom 


byte stream iS called a 


To force 
To read and write 
The method of picNe 


The method of pichle 


The conversion of an objet hierarchy m 
lues in GV ül 


The character that separat 
av files is — 


a into a binary file. 


module 
a binary file. 


module re 


es is called the — ; 


es the va 


The default delimiter of 
The œv files are actually tiles - 
argument in epen( ). 


EOL trans! by giving 


ation is text file 
as well wnting is 


We can suppress 
The fle mode to open à binary fil 
The file mode to open 2 text file for reading 
The file mode to open a text 
binary file for wmitt 
or reading as well wri 
vell reading is 


e for reading 
as well writing 1s 


ell reading is 


for writing as W 


file 
ng as well reading is 


The file mode to open à 


The file mode to open 2 Sv file f ting is 
The file mode to open a GV file for appending 25 5 
To specify a different delimiter while writing into a ev file, 


csv.writer )- 


argument is used with 


When you open a file for reading, if the file does not exist. an error occurs 
file for writing, if the file does not exist, an error occurs 


When you open a 
for writing, if the file exists, the existing file is overwritten with the new file 


When you open a file 
The absolute paths are from the topmost ievel of the directory structure 
ee a ies E ye ; f 
The relative paths are relative to the current working directory 
The relative path for įjways remai 4 
e path for a file always remains the same even after changing the directory 
e ipes of operations th e carrie f 2 
4 = `? $ we that can be carried out on 2 file depend upon the file mode a file is opened in. 
path is given with a file name i ñ he f 

ici a i ea name in the file open( ), then the file must exist in the current directory. 

CHons readline( } and readlines/ ) are essentially the same l 
Python automatically flushes the file buf E itl y 

y omatically flushes the file buffers before closing file wi i 
eA nth i losing a file with close( ) function. 
hen + pen r writing. if the file does i f 
a a ag j file does not exist, a new file is created. 
; pending, if the file ea e existing file i 

ae A = jed aa S: ai exists, the existing file is overwritten with the new file. 

i 1 hierarchy in byte stream is isati 
ARATE I SP 7 m is called Serialisation. 
= ey mpi alied picsding. 

he load } function of the pichle modul 
IOK ule f. s 
i i ¥ ule performs pickling 
The dump( ) function of the pickle modul Pe 
: i nodule perf ickli 
The csv files can only take co as 
3 mma as delimiter. 


The csv files are text files. 


ok. 
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Solved Problems 
Ne ane oe 


i Whal is the difference beliveen read d and readlinesi ) funchon? 


colution The read() reads from a file in re 


ad mode, and stores its contents in a string type variable. 


The readlines( ) function, reads from a file in read mode and returns a list of all lines in the file. 


i pifferentiate between the following 
i D f =open('diary.txzt', 'r') 
(i) f= open('diary.txt', 'w') 
solution (i) File has been opened in read mode with file 


handle f. 
(ii) File has been opened in write mode with file handle f. 


t3 


What is the difference between readline( ) and readlines( ) function? 
Solution. The readline() function reads from a file 


renn, in read mode and returns the next line in the file 
or a blank string if there are no more lines. {The 


returned data is of string type) 
The readlines() tunction, also reads from a file in tead mode 


KÄ and returns a list of all lines in the file. 
(The returned data is of list type) 


4. Write a single loop to display all the contents of a text file poem.txt after removing leading and trailing 
whitespaces. 


t 
suto 


for line in file("poem.txt") : 
print(line.strip()) 


Br) 


Write a function stats( ) that accepts a filename and reports the file's longest line. 


def stats(filename) : 
longest ="" 
for line in file(filename) : 
if len(line) > len(longest) : 
longest = line 
print("Longest line’s length =", len(longest)) 
print(longest) 


What is the output of following code fragment ? Explain. 
out = file("output. txt", "w") 
out.write("Hello, world!\n") 
out.write(“How are you?") 
out.close() 

File("output txt"). read() 

Solution. The output will be : 

‘Hello, world!\nHow are you? 


The first line of the code is opening the file in write mode ; the next two lines write text to the file. 
The last line opens the file and from that reference reads the file-content. Function file( ) does the 


same as that of open( ). Thus file(“output.trt”) will give the reference to open file, on which read( ) is 
applied. 


| 
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Write a function remove_lowercase( ) that accepts 
lowercase letter from the first file into the second. O ston 
Solution. “ith 
def remove_lowercase(infile, outfile) : 
output = file(outfile, "w") 
for line in file(infile) : 
if not line[@] in “abcdefghijklmnopgrstuvwxyz" : 
output .write(line) 
output.close() 


names, “opie ; > 
two filenames, and copies all lines T iy 
On 


What is the output of following code ? 
file("e:\\poem.txt", "r"). readline().split() | 


Recall that poem.txt has some leading and trailing whitespaces. 
Solution. [WHY?’] 


9. What is the output of following code ? 
file("e:\\poem.txt", "r"). readline() 


Solution. 
‘WHY? \n! 


10. What is the output of following code ? 
fh = file("poem.txt", "r") _ 
size = len(fh.read()) 
print(fh.read(5)) 


Solution. No output 
Explanation. The fh.read( ) of line 2 will read the entire file content and place the file pointer at the 
end of file. For the fh.read(5), it will return nothing as there are no bytes to be read from EOF thus 


print( ) statement prints nothing. 
11. Write a program to display all the records in a file along with line/record number. 


Solution. 
fh = open("Result.det”, "r") 
count = ð 
rec="" 
while True : 
rec = fh.readline() 
iP recess": 
break 
count = count + 1 
print (count, rec, end = '') # to suppress extra newline by 


fh.close() 


print 


12. What is the output produced by following code ? 
obj = open("New.txt", "w") 
obj.write("A poem by Paramhansa Yogananda) " 
obj.write("Better than Heaven or Arcadia") 


cropler 5 » FILE HANDLING = 
obj.write("I love thee, O my India! mj 
obj.write("And thy love I shall give") 
obj.write("To every brother nation that lives." 
obj.close() 
obj1 = open("New. txt", "r") 
s1 = obj1.read(48) 
print (s1) 
obj1.close() 
Solution. The output produced by above code will be: 
A poem by Paramhansa Yogananda Better than Heaven 


) 


13. The file “New.txt” contains the following : 


Better than Heaven or Arcadia 

I love thee, O my India! 

And thy love I shall give 

To every brother nation that lives, 


Considering the given file, what output will be produced by the following code ? 
obji=open("New.txt", "r") 
s1 = obj1.readline() 
s2 = obj1.readline() 
s3 = obj1.readline() 
s4 = obj1.read(15) 
print(s4) 
obj1.close() 
Solution. The output produced by above code is : 
And thy love I 


14. Two identical files (p1.txt and p2.txt) were created by following two codes (carefully go through the two codes 
given below). 
(a) obj = open(“p1.txt", "w") 
obj.write("Better than Heaven or Arcadia") 
obj.write("I love thee, O my India!") 
obj.write("And thy love I shall give") 
obj.write("To every brother nation that lives.") 
obj.close( ) 


(b) obj = open(“p2.txt", "w") 
obj. .write("Better than Heaven or Arcadia\n") 
obj.write("I love thee, O my India! \n") 
obj.write("And thy love I shall give\n") 
obj.write("To every brother nation that lives. \n") 
obj.close( ) 


What would be the output produced if the files are read und printed with following code. 
Solution, The output produced by code (a) will be : 


Better than Heaven or ArcadiaI love thee, O my India!and thy love 
I shall giveTo every brother nation that lives. 


The output produced by code {b} will be : 
A poem by Paramhansa Yogananda 
Better than Heaven or Arcadia 
I love thee, 0 my India! 
And thy love I shall give 
To every brother nation that lives. 


Considering the tiw files pint and p2.ixt created in previous 


> 


following code fragments ? 


question, yw) 
what ulput w 


ill by 
F P Pee Prodi 
(a) obji = open("pi.txt", "r") th 
si = obji.readline() 
$2 = objl.read{15) 
print(s2) 
ebdji.close() 
(b) obj1 = open("p2.txt","r") 
$i = obji.readline() 
$2 = obj. read(is) 
print(s2) 
obji.close() 


Solon No output or blank output will be produced by code (a). 
For codeft), the output produced will be : 


Retror ehan pas 
Drit weet Rte 


Consider the file p2.txt created above. Now predict the output of following code that 


Pl. works with p.trt, Explai 
the reason bekind this output. 


fpl = open("p2.txt", “r”) 
print(#pi.readline(26)) 
Si = fpl.readline(3e) 
print(si} 
print(fpi.readline(25)) 


Solution. The output produced by above code will be : 


2086 Hy Paramhansa 


Better ther 


it (\n). So the first line of output was printed as : 


A prne h 


R poe r 


ramhnhsars 


ig henel 
After the first readline( ), the file pointer was at the space following word ‘Pa pariban p n et 
readline ) started reading from there and read 15 character or end-of the-line, ar ne came M 
the read string was “Yogananda\n” - notice the space before word Yogananda. 

second line of the output. oadline (it 
Now the file-pointer was at the beginning of the third line and the next" 
fp1.readline(25)) read 25 characters from this line and gave the last Jine of output: 
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. ins alphanumeric text ( j 
r text file contains a SAY txt), Write a roora i this te ? ; 3 
Vv aa or digits from the file, Program that reads this text file and prints asthe 
Solution 


g» open("an. txt", "r") 

for line inf: 
words = line.split() 
for i in words: 

for letter ini: 
if(letter, isdigit()): 
print (letter) 
1s, Read the code given below and answer the question : 

fh = open("main. txt", “w") 
fh.write ("Bye") 
fh.close() 


Ifthe file contains “GOOD” before execution, what will be the conte 


Solution. The file would now contain “Bye” only, because 
mode (“w”), it truncates the existing data the file. 


nts of the file after execution of this code ? 


when an existing file is opened in write 


19, Write a function in Python to count the number of lines in a text file ‘STORY.TXT’ which is starting with an 
alphabet ‘A’. 


[CBSE Simple Paper 2019-20} 
Solution. 


def COUNTLINES(): 
file = open('STORY.TXT','r') 
lines = file.readlines() 
count = @ 
for w in lines: 

if w[0] == "A" or w[@] == "a": 
count = count +1 
print("Total lines started with 'A' or ‘a’, count) 
file.close() 
20. A given text file “data.txt” contains : 

Line 1\n 

\n 

Line 3 

Line 4 

\n 

Line 6 

What would be the output of following code? 


fh = open ("data.txt", "r") 
Ist = fh. readlines() 
print(1st[@], end = ki. 
Print(lst[2], end = ai. 
Print(1st[5], end='') 
print(1st[1], end = '') 
Print(lst[4], end = '') 
print(1st[3]) 
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Sclution. “hoy, 
Line 1\n 
Line 3 
Line 6 \n 
\n 


Line 4 


Write code to print just the last line of a text file “data.txt”. 


Sclution. 
fin = open("data.txt", "r") 
lineList = fin. readlines() 
print("Last line =", lineList[-1]) 


Write a program that copies a text file “source.txt” onto “target.txt” barring the lines startin 
8 with 
Sclution. : 


def filter(oldfile, newfile) : 
fin = open(oldfile, "r") 
fout = open(newfile, "w") 
while True : 
text = fin. readline() 
if len(text) == ð: 
break 
if text[0] == "@": 
continue 
fout .write(text) 
fin.close() 
fout.close() 


@” sp, 


filter("source.txt", "target.txt") # calling the function 


Consider the following statement, In which file mode is the file opened ? Justify your answer. 
with open('poem.txt') as f: deist 
| e! 
Solution. Read mode, because the file mode has not been specified and the default file mo 
read mode. 


What is pickling process ? What is its need ? cessing 
hile storing OT êS 


Solution. Objects have a specific structure which must be maintained w f that. The pic 
them. Python provides a special module - the pickle module to take care © = stored in bine 
process serializes the objects and converts them into byte stream so that they can 
files. 
What is unpickling ? m (often e 
. P , 7 strea 

Solution, The “unpickling” is the inverse operation of pickling, whereby a byte 
from a binary file) is converted back into an object hierarchy. 

. F Š Ie 
What is the difference between a regular text file and a delimited text file ? asc! 


d 
! . ; form as type gles! 
Solution. Regular Text files are the files which store the text in the same se 


$ f f ce place: 
Unicode). Here the newline character ends a line and the text translations take P 
a file extension as .txt. 


copter 


30. 


at. 
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pelimited Text files are also text files where a specific character is 
after each value, e.g., a tab or a comma after every value, 
CSV files (Comma Separated Values files). 


stored to separate the values, i.e., 
£8., TSV files (Tab Separated Values files) or 


what are csv files ? 


Solution. CSV files are Comma Separated Values files. These are the delimited files when mostly 
comma (delimiter character which separates the values) is used to separate the values stored. The 


Coy files can alo a delimiter other than comma but comma is the default delimiter. These files take 
the extension as .CSV. 


What is the significance of newline = ” argument in file open() function ? 


Solution. When newline =” ensures that no end of line (EOL) translation would take place while 
storing the file contents on the disk. By default text files are stored with some text translations, EOL 
translation is one of these. By specifying newline =“ as argument to file open( ) function, we ensure 
that no EOL translation takes place. This is useful when we use the files on different platforms. 


What does csv.writer object do ? 


Solution. The csv.writer object adds delimitation to the user data prior to storing data in the csv file 
on storage disk. 


What is the function of csv.reader object ? 


Solution. The csv.reader object reads data from a csv file on storage disk, parses it, i.e., removes the 
delimitation and loads the parsed data into a Python iterator wherefrom we can fetch the data row 
by row. 


What will be stored in the file school.csv after the following code is executed? 


data=[ [ 'DRS Delhi’, 'Esha', 'Badminton'], 
['BTS Patna', 'Abhi', ‘'Tennis'] ] 
import csv 
with open('schoo;.csv', 'w', newline =") as csvfile: 
writer = csv.writer(csvfile, delimiter = ',') 
writer.writerow(['School', ‘Nickname’, 'Sport']) 
writer .writerows (data) 
Solution, 
"School', 'Nickname', ‘Sport’ 
"DRS Delhi', ‘Esha’, ‘Badminton’ 
"BTS Patna’, 'Abhi', 'Tennis' 


A file Answer.txt contains the text as shown in Fig. 5.5 in the chapter. Write a program to remove all the lines 
that contain the character ‘a’ in this file and write other lines into another file. 
Solution. 

myfile = open("Answer.txt", "r") 


Newfile = open("nswer.txt", "w") i 
line="" # initially stored a space (a non-None value) Mes 


while line : 
line = myfile.readline() #one line read from file 
if 'a' not in line: 
newfile.write(line) 


myfile.close() 
newfile.close() 


print("Newly created file contains") 
print ("————————_") 
newfile = open("nswer.txt", "r") 
line ="" 
while line: 
line = newfile.readline() 
print(line) 
newfile.close() 


# one line read from File 


The output produced by above program is 


Newly created file contains 


We know this will never occur. 
How mediocre our world would be without this Single most Powerful 7 
Ette 


33. Differentiate between the following : 


(i) f= open (‘diary. txt’, ‘r ) 
Solution. 


(Deli 25, 


(ii) f = open (‘diary txt’, Ww) 
(i) The text file diary.txt is opened in read mode. 
(ii) The text file diary.txt is opened in write mode. 


34. What will be displayed by the following code ? 
import pickle 
Names = ['First', ‘second’, ‘third’, 'fourth', "Fifth'] 
lst = [] 
for i in range(-1, -5, -1): 
1st. append(Names[i]) 
with open(‘test.dat', "wb') as fout: 
pickle.dump(1st, fout) 
with open('test.dat', 'rb') as fin: 
nlist = pickle. load(fin) 
print(nlist) 
Solution, 
['Fifth', 'fourth', "third', 'second'] 
. . Following code is written to update a record in a file opened with following code : 
import pickle 
fin = open('Stu.dat', 'rb+') 
try: 
while True : ding the recrd 
p i 
—— = fin.tell() #Line1 : store file-pointer position before rea 
stu = pickle. load(fin) 


Hg p” 


a i 
| | 
chop!" j 

if stu['Marks'] in [92, 93, 94] ; j 
stu[ 'Marks'] += 3 # changes made in the record ! | 

: # Li : i | 
fin. 3 ( a $ ine 2 :place the file-pointer at the exact location of the record i 
pickle.dump(stu, fin) # now write the updated record on the exact location | | 

| 


38. 


39. 
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except : 


Fill in the blanks in Lines 1 and 2 to complete the code. id 
Solution. IBES 
Line 1 : position = fin.tell( ) 


# can use any identifier in place of position 
Line 2: fin.seek (position) 


Identify the error in the following code: 
1. import pickle 
2. data= ['one', 2, [3, 4, 5]] | 
3. with open(‘data2.dat', 'rb') as f: NU i 
4. pickle.dump(data, f) nih is 
Solution. The file is opened in read mode and dump() function tries to write onto file, 
So the line 3 should be changed to L 
with open('data2.dat', 'wb') as f: 


hence the error. 


Identify the error in the following code. 

i f = open('/tmp/workfile', 'r+') 
.write('@123456789abcdef' ) 
-write('xyz8466' ) 

.close() 
.seek(@) 
6. ¥.read() 


Solution. The lines 5 and 6 will raise the error as no operation can take place in a closed file — file is 


closed at line4. Since the file is opened in read as well write mode, we just need to bring line 4 at the 
end of the code. 


um PWN 
+ hth 


Identify the error in the following code ? 
f. import csv 


2. line = [ [1, 2,3], [4, 5, 6] ] 

3% with open(path, "w", newline ='') as csv_file : 

4. writer = csv.writer(csv_file, delimiter = |‘) 
5. for line in data: 

6. writer.writerow (line) 


Solution. The give code is trying to write a nested list with writerow( ). 
It should be replaced with writerows( ), i.e., line 6 should be : 
writer .writerows(line) 


Write a program to read a text file and display the count of lowercase and uppercase letters in the file. 
(Note : use text file Answer.txt given in Fig. 5.5 in the chapter) 


Solution, 
myfile = open("Answer.txt", "p") 
chispa # initially stored a space ( a non-None value) 
lcount = @ #variable to store count of lowercase letters 
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tores a Non-None value 


ucount = @ 4 while chs 
ter read from file 


while ch : 
ch = myfile.read(1) # one charac 


if ch.isupper() == True: 
ucount = ucount + 1 


else : 


lcount = lcount + 1 i 
print("Uppercase letters in the file :", ucount) 
s in the file :", 1count) 


print("Lowercase letter 
# close the file 
myfile.close() 
40. Your recipe uses som 
Solution. 
import pickle 
ingredients = [' cucumber", 
with open('recipe.dat', 'wb') as fout: 
pickle.dump(ingredients, fout) 
Write a method in python to read the content from a text file story.txt line by line and display the same vi 


e ingredients. Write a program to store the list of ingredients in a binary file, 


‘pumpkin’, 'carrot', 'peas'] 


41. 
sereen: (Outside Delhi 2015) 
Solution. 
def read_file () : 
inFile = open('story.txt','r') 
for line in inFile: 
print(line) 
42. Write a method in python to read lines from a text file INDIA.TXT, to find and display the occurrence of the 


word “India”. (Delhi 2018) 


For example: If the content of the file is 


"India is the fastest growing economy. 

India is looking for more investments around the globe. 
The whole world is looking at India as a great market. 
Most of the Indians can foresee the heights that India is 
capable of reaching." 


ee ee es 
The output should be 4 


Solution. 
def display1( ): 
count = @ 


file = open(‘INDIA.TXT', 'r') 
for LINE in file: 

Words = LINE.split() 

for W in Words: 

if W == "India": 
count = count +1 

print ( count ) 

file.close() 


gs FILE HANDLING $ 
chop'® 247 


g itea method in python to read lines from a text fil ; 
" a "aine an iiplabet $. file MYNOTES.TXT, and display those lines, which are 


5 (Outside Delhi 2017) 
Solution. 


def display(): 
file = open('MYNOTES.TXT','r') 
line = file.readline() 
while line: 
if line[@]=='K' : 
print ( line ) 
line = file.readline() 
file.close() 


aa ceil A ‘onan aft nition of dictionary MULTIPLEX, write a method in python to search and 
display all the content in a pickled file CINEMA.DAT, where MTYPE key of the dictionary is matching with 

the value ‘Comedy’. 
MULTIPLEX ={'MNO':___, "MNAME':__, 'MTYPE': } 


Solution. 
def Search(): 
file = open('CINEMA.DAT','rb') 
try: 
while True: 
MULTIPLEX = pickle.load(file) 
if MULTIPLEX ['MTYPE' ]=="Comedy" : 
print(MULTIPLEX) 
except EOFError: 
file.close() 


45. Write a program to increase the salary by Rs. 2000/- of the employee having empno as 1251 in the file empl.dat. 


(similar to Delhi 2018) 


Solution. 
import pickle 


# declare empty dictionary object to hold read records 


emp = {} 
found = False 


# open binary file in read and write mode 
fin = open('empl.dat', 'rb+') 
fin.seek(@) 
# read from the file 
try: 
while True : ‘ 
rpos = fin.tell() # store file-pointer position before reading the record 
# read record in emp dictionary from fin file handle 


emp = pickle. load(fin) 
if emp['Empno'] == 1251 
emp[ 'Salary'] = emp['Salary’] + 2000 
fin.seek(rpos) #place the file-pointer a 
pickle.dump(emp, fin) # write the modified record 
print (emp) 
found = True 


# changes made in the record 
t the exact location of the record 
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except EOFError: 
if found == False: 
print("Sorry, no matching record found.") 
else: 
print("Record(s) successfully updated. ") 
fin.close() # close file 
46. Take a sample text file and find the most commonly occurring word. Also, list the freq Uencies of e 
text file. S in he | 


Solution 
with open ( “nanthem.txt", "r") as fh: 
contents = fh.read() 


wordlist = contents.split() 


wordfreq = [] 
high = @ 
word = “°? 


existing =[] 
for w in wordlist: 
Wcount = wordlist. count(w) 
if w not in existing: 
wordfreq.append( [w, wcount]) 
existing. append(w) 
if weount > high: 
high = weount 
word =w 
print("The word '"+ words"' occurs maximum number of times,", high, "times. aY 
print("\nOther words have these frequencies ae) 
print(wordfreq) 


For the text file nanthem.ixt shown below, the above program produced the following output : 


Jan gan man adhinayaka jaya he 
Bharat bhagya vidhata 

Panjab Sindh Gujarat Maratha 
Dravid Utkal Banga 

Vindhye Himachal Yamuna Ganga 
Uchchal jaladhi tarang 

Tava shubh name jage, 

Tava shubh ashish mange, 

Gahe tava jaya gatha. 

Jan gan mangal dayak jaya he 


Output : a 
The word ‘Jaya’ occurs maximum number of times, 7 times, Other words have these frequencies ° 
[['Jan", 2], ['gan', 2], ['man', 1), ['adhinayaka', 1], ['jaya', 3], ['he', 6], _ t' 

['Bharat', 2], ['bhagya', 2], ['vidhata', 2], ['Panjab', 1], ['Sindh', Ti; Siewert 
eae a ee Cal a, pears E gee 1], ['Himacha? 
[*Yamuna', 1], [‘Ganga', 1], ['Uchchal’, 1), ['jaladhi', 1], [‘tarang', 1], ['Tava’ 


[‘shubh’, 2], ['name', 1], [‘jage,', 1], ['ashish', 1], ['mange,', 1], ['Gahe', 1], 


1) 


J 


['tava', 1], ['gatha.', 1], ['mangal", 1], ['dayak', 1), ['Jaya', 77] 
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chop 
rte a program 1 read following details of sports’ performance (sport, competitions, prizes-won) of your 
a al ansion into a csv file delimited with tab character, 3 
scho 
solution. 
jmport CSV 


fh = open("Sport.csv", "w") 
swriter = csv.writer(fh, delimiter='\t') 


swriter.writerow( ['Sport', ‘Competitions’, ‘prizes won'])  #write header row 


ans = 'Y 
i= 1 
while ans == 'y': 

print("Record", i ) 

sport= input("Sport name:") 

comp = int(input("No. of competitions Participated:")) 

prizes = int(input("Prizes won:")) 

srec = [ sport, comp, prizes ] # create sequence of user data 

swriter.writerow(srec) 

i= 1+1 is 

ans = input("Want to enter more records? (y/n)..") i 
fh.close() 


Sample run : as 


Record 1 ni 
Sport name:Tennis His ; 
No. of competitions participated:14 

Prizes won:9 

want to enter more records? (y/n)..y 


Record 2 hak 

ile Edit Format View Hel ii 
Sport name: Rost ba TT she S PRERE oda Prizes won A Nes . 
No. of competitions participated:22 == Tennis 14 9 j ili 
Prizes won:16 Football 22 16 ee li 
Want to enter more records? (y/n)..y ‘Chess 25 15 ; | h 
Record 3 l M 13 
Sport name:Chess i i 


No. of competitions participated:25 iti 
Prizes won:15 Hi 
Want to enter more records? (y/n)..n 


4 ‘ R A ates 
S. Write a program to get item details (code, description and price) for multiple items from the user and create a 
csv file by writing all the item details in one go. 
Solution. 
import csy 
th = open("Items.csv", "w") 
lwriter = csv.writer(fh) 
ans = 'y' 
*temrec= [['Item_Name', 'Description', 'Price']] 
Print("Enter item details") 
While ans =='y' ; 


tname = input("Enter Item code 2) e! 


B 
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desc = input("Enter description :") ~M C 

price = float(input("Enter price:")) 

itemrec.append( [iname, desc, price]) 

ans = input("Want to enter more items? (y/n)...") 
else: 

iwriter.writerows(itemrec) 

print("Records written successfully.") 
fh.close() 


Enter item details 

Enter Item code :£01 

Enter description :Eraser 

Enter price:10 

Want to enter more items? (y/n)...y 
Enter Item code :P11 

Enter description :Pencil 

Enter price:15 

want to enter more items? (y/n)...y 
Enter Item code :R05 

Enter description :Ruler 

Enter price:20 

Want to enter more items? (y/n)...n 
Records written successfully. 


$ 

$ 

| 

Sample run of the program : | 
| 


‘file Edit Format View Help 

([Item_Name, Description, Price pi 
E01, Eraser,10.0 } 
P11,Pencil,15.0 
ROS ,Ruler,20.0 


| <£ 


GLOSSARY 
‘sens 
File A bunch of bytes stored on some storage device. 
File mode A constant describing how a file is to be used. 
Stream A sequence of bytes. 
For | 
i Selective Assignment} | 
Assignment © Solutions 
Siriaas niche ict a gea 
Type A : Short Answer Questions/Conceptuol Questions pa 
Poe 
1. What is the difference between “w” and “a” modes ? J 
2. What is the significance of a file-object ? QR Code 


3. How is file open( ) function different from close( ) function ? 


si ing the 
ing 
4. Write statements to open a binary file C:\Myfiles\Text1.txt in read and write mode by specify 
file path in two different formats. 


When a file is opened for output in write mode, what happens when 
(i) the mentioned file does not exist 


Or 


(ii) the mentioned file does exist ? ha 
6. What role is played by file modes in file operations ? Describe the various file mode constants 


meanings. 


- 
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e the advantages of saving data in ; 


“< (i) binary form (ii) text form (iii) csv files ? 

7. aes you think text files should be preferred over binary files ? 

wie a statement in Python to perform the following operations : EOE 

ọ, Write ee open a text file “BOOK.TXT” in read mode 
i To open a text file “BOOK-TXT” in write mode 

when a file is opened for output in append mode, what happens when 
(i) the mentioned file does not exist 


(ii) the mentioned file does exist. 
What role is played by file modes in file Operations ? Describe the various file 
II. ph 
meanings. 
>» How many file objects would you need to create 
12. 


mode constants and their 


to manage the following situations ? Explain. 
(i) to process three files sequentially 


(ii) to merge two sorted files into a third file. 
12. Is csv file different from a text file ? Why/why not ? lite 
13. Is csv file different from a binary file ? Why/why not ? i 
14. Why are csv files popular for data storage ? | i 
15. How do you change the delimiter of a csv file while writing into it ? | i 
16. When and why should you suppress the EOL translation in csv file handling ? iyi! 


i} 
. If you rename a text file's extension as .csv, will it become a csv file ? Why/why not ? 


ype B : Application Based Questions 


1. How are following codes different from one another ? 


(a) my_file = open('poem.txt','r') (b) 


my_file = open(‘poem.tx’’ 'r') he 
my_file.read() 


my_file.read(1@0) 

If the file ‘poemBTH.txt’ contains the following poem (by Paramhans Yoganand) : 
God made the Earth; ii 
Man made confining countries 
And their fancy-frozen boundaries. 
But with unfound boundless Love 
I behold the borderland of my India 
Expanding into the World. 


? 


ix 


Hail, mother of religions, Lotus, scenic beauty, and sages! . ie 


They What outputs will be produced by both the code fragments given in question. 
3. Consider the file 


poemBTH.txt given above (in previous question). What output will be produced by 
following code 


fragment ? 


obj1 = Open(""poemBTH. txt", "r") 
si = Oobj1.readline() 
S2.readline(1 ) 

53 = obj1.read(15) 

Print(s3 ) 


Print (obj1.readline()) 
Obj1.close() 


t Wri AE aon ; f i 
Write code to Open file created in the previous question and print it in following form : 
Name : <name> Phone :<phone number> 


E 
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5. Consider the file “poemBTH.txt” and predict the outputs of following code fragments ‘ “a 
been opened in filepointer filel with the following code : if the file 


file1 = open("E:\\mydata\\poemBTH. txt", "r+") 


(a) print("A. Output 1") (a) print("D. Output 4") 
print(file1.read()) print(filel.readline(9) ) 
print() 


(e) print("E. Output of Readlines fun 
print(filel.readlines() ) 
print() 


(b) print("s. Output 2") 
print(filel.readline() ) 
print() 


Ction is") 


(c 


<~ 


print("C. Output 3") 
print(file1.read(9)) 
print() 
NOTE. Consider the code fragments in succession, ie., code (b) follows code (a), which Means ch 
by code (a) remain intact when code (b) is executing. Similarly, code (c) follows (a) and (b), and so a 
6. What is the following code doing ? 
file = open("contacts.csv", "a") 
name = input("Please enter name.") 
phno = input("Please enter phone number. ") 
file.write(name + "," + phno + "\n") 
7. Consider the file “contacts.csv” created in above Q. and figure out what the following code is trying to do? 
name = input("Enter name :") 
file = open("contacts.csv", "r") 
for line in file: 
if name in line: 
print(line) 
8. Consider the file poemBTH.ttt and predict the output of following code fragment. What exactly is the 
following code fragment doing ? 
f = open("poemBTH.txt", "r") 


nl=@ 
for line in f: 
nl +=1 
print(nl) 
9. If you use the code of Q.8 with pl.txt (created in solved problem 14), what would be its output ? 3 
the sam 


10. Write a method in Python to read the content from a text file diary.txt line by line and display 
on screen. SE D 2015) 

11. Write a method in Python to write multiple line of text contents into a text file mylife.txt.line. ID 2016) 
12. What will be the output of the following code ? 

import pickle 

ID = {1:"Ziva", 2:"5358",3:"IT",4:"38",5:"Dunzo"} 

fin = open(“Emp.pkl”, "wb") 

pickle.dump(EmpID, fin) 

fin.close() 

fout = open(“Emp.pk1”, 'rb') 

ID = pickle. load(fout) 

print( ID [5] ) 


— 
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What will be the output of the following code ? 
13: import pickle 
List2 = ['Roza', {'a': 23, 'b': True}, (1, 2, 3), [[‘dogs', ‘cats'], None] ] 


raseg'= ['Rita", {"x": 45, y": False}, (9, 5, 8), [Pdnsects"s ‘pees'], None] J 
with open( 'data.pkl', 'wb') as f: 
f.write(list1) 
with open( 'data.pkl', 'wb') as f: 
f.write(list2) 
with open( ‘data.pkl', 'rb') as f: 
list1 = pickle. load(f) 


print (list1) 
4 What is the output of the following considering the file data.csv given on the right. 
import csv 
File data.csv contains: 


with open(‘'C:\data.csv', 'r+') as f: 
data = csv.reader(f) 
for row in data: 
if 'the' in row : 
print (row) 
15, Identify the error in the following code. 


Identifier;First name;Last name 
901242;Riya: Verma 
207074;Laura;Grey 
408129;Ali;Baig 
934600:Manit;Kaur 
507916;Jiva;Jain 


import csv 
f = open('attendees1.csv') 


csv_f = csv.writer(Ff) i 
16. Identify the error in the following code. i 
import csv 
f = open('attendees1.csv') 
csv_f = csv. reader () 
for row in csv_f: 
print(row) 
17. Identify the error in the following code. 
import pickle 
data = ['one', 2, [3, 4, 5]] 
with open('data.dat', 'wb' : 
pickle.dump(data) 


i 
| 
' 
f 
$ 


Type C : Programming Practice/Knowledge based Questions 


1. Write a program that reads a text file and creates another file that is identical except that every sequence 
of consecutive blank spaces is replaced by a single space. 
2. A file sports.dat contains information in following format : Event ~ Participant 
Write a function that would read contents from file sports.dat and creates a file named Atheletic.dat 
copying only those records from sports.dat where the event name is “Atheletics”. 
3. A file contains a list of telephone numbers in the following form : 
Arvind 7258031 


"i Sachin 7259197 
e names contain only one word the names and telephone numbers are separated by white spaces. 


Wri z ` À : 
4 ce Program to read a file and display its contents in two columns. 
4 ri r š 
nera program to count the words “to” and “the” present in a text file “Poem.txt”. 


a 


— 
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i `X 
number of upper-case alphabets present in a text file “ l 


f : Tlicle.ty - 
other, Have the program read the file names fr e, 
(Ù 


Write a program to count the 
ò. Write a program that copies one file to an 
i 7 a Us 
7. Write a program that appends the contents of one file to another. Have the Program take the ane 
from the user. iesi en, 
8, Write a method/function DISPLAYWORDS() in python to read lines from a text file STORy 
display those words, which are less than 4 characters. ; P 2 [CBSE Sina T i 
3 ers he keyboard one by one. All lower a Per ays. 
9. Write a program that reads characters from t ON ) ase char i 
stored inside the file LOWER, all upper case characters get stored inside the file UPPER and he 
characters get stored inside file OTHERS. Othe 


ieee ; ; ber of lines starting with 
10. Write a function in Python to count and display the num I ng y alphabet $e 
in a text file “ LINES TXT’. e. gu the file “LINES.TXT” contains the following lines : A Present 


T 


A boy is playing there. 

There is a playground. 

An aeroplane is in the sky. 

Alphabets & numbers are allowed in password. 


the function should display the output as 3. 

1]. Write a program that counts the number of characters up to the first $ in a text file. 

12. Write a program that will create an object called filout for writing, associate it with the filena 
STRS.txt. The code should keep on writing strings to it as long as the user wants. me 

13. Write a program that reads a text file and creates another file that is identical except that every 
of consecutive blank spaces is replaced by a single space. 

14. Write a function to count the words “to” and “the” present in a text file “POEM.TXT”, 

15, Consider the following definition of dictionary Member, write a method in python to write the content 
in a pickled file member.dat. milar to Delhi 291) 


Sequence 


Member = {'MemberNo.': , ‘Name’: } 


lò. Consider the following definition of dictionary Staff, write a method in python to search and display the 
content in a pickled file staff.dat, where Staffcode key of the dictionary is matching with 'S0105'. 


Staff ={'Staffcode': » ‘Name'= } r to Delhi 204 
17. Considering the following definition of dictionary COMPANY, write a method in Python to search and 


display the content in a pickled file COMPANY.DAT, where ComplD key of the dictionary is matching 
with the value '1005', milar to Delhi 2017 


Company = {*CompID" = ‘CName' = » ‘Turnover’ =_ 


——_) 


I$. Write a function in to search and display details of all trains, whose destination is “Delhi” from a binary 
file “TRAIN.DAT”. Assuming the binary file is containing the objects of the following dictionary type: 
Train={'Tno’: » Foon": 5 TO } 
19. Write a Python program to read a given CSV file having tab delimiter, 
20. Write a Python program to write a nested Python list to a csv file in one go. After writing the CSV file 
read the CSV file and display the content. 


2 r er 4. Pa X ath a 
21, Write a function that reads a csv file and creates another csv file with the same content, but with 
different delimiter. 
ines 


nw 
te 


Write a function that reads a csv file and creates another csv file with the same content except the l 
beginning with ‘check’. 
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| In Ws wie ie 


61 Introduction 


62 Recursive Function 


{i 
(p 
6.3 How Recursion Works | 


| 6.4 Recursion in Python 
| g.5 Recursion vs. iteration 


6.1 INTRODUCTIO! 


You have learnt how to create and invoke methods/functions in Python. Inside the function 


bodies, we can include function-calls of other functions. But have you ever thought : Could a 
method invoke or call itself ? 


Self-invocation may at first sound useless or illegal : Isn't 
this defining something in terms of itself — what is called a 


~ 
4 pE 


renaire Nadian 


circular definition? But self-invocation is legal, and it’s Recursianrerea taa Gaerne 
actually quite useful, In fadt, if” stil that it wets iis technique in which a function calls 
fei q setul. In fact, its so useful that it ge itself either directly or indirectly. 
WN special name : recursion. 


i chapter explores recursion and recursive functions 
a r . . 
ong with some classic recursive examples. 


056 


6.2 


RECURSIVE FUNCTION 
In many of your programs, 
functions, e.g., 
def A() { 
B() 


Now, if you write a function definition that calls itself, then this functi 


recursive function. 


That is, a function is said to be recursive if the function definition includes a 


def A(): 
Al) <——__ 


See, another recursive function : 
def recur() : 
recur( ) 


Recursion can be indirect also. The above example, w 
within its body is an example of direct recursion. How 


which calls its caller function from within its body, 


def A(): 


BC) 
which calls A( ) 
So, you can say that recursion can be : 


def B(): 
AC) 


you must have written some functions that call or ; 
i 


Now function A( ) is called itself from its own 
so it is a recursive function now. 


Function A() calling BC), 
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Ny 


QWoke Othe 


Function A( ) is calling another function, Bi) 
qnm 


on would be know 
a 


Call to itself eg 


function-bouy. 


# calling itself 


here a function calls itself directly from 
ever, if a function calls anot 


wè uae her function 
it is known as indirect recursion Eg; 


A function is said to be Recursive 
Function if it calls itself. 


© direct recursion, if a function calls itself directly from its function body. 


© indirect recursion, 


Following figure illustrates it, 
def A() ; 
A() 


function }@g., 


(a) Direct recursion 
function1 D 
function2 
Bii 


function » 


if a function calls another function, which calls its caller function. 


_ ) 


function2 


def A(): 
w B() 
def B(): 

A() 


(b) Indirect recursion 


def A(): 
B() 

def duns 
T 

def C(): 
nan: 

def D(): 


A() 


(c) Another example of indirect recursion 


Figure 6.1 Types of Recursion, 
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shown sample code is an example of indirect recursion. 
e 


atics also, you have seen recursive problems e.g., sum of n natural numbers can be 
them ; 
j ma 


sum of n natural numbers = n+ sum of n—1 natural numbers Ae 


larly, sum of n-1 natural numbers =n-1 + sum of n- 2 natural numbers Wie 
Sim any, i 
ilarly, sum of n- 2 natural numbers =n- 2+ sum of n-3 natural numbers, HA 
gimilarly, 
— if 
< section is going to discuss recursion and recursive functions. We shall be learning how to 
ets recursive functions and implement recursion. But before we proceed, carefully go hes 
rout the following code and figure out its output. [i 


def func1( ) 
print("Hello func2") 
func2( ) 

def func2( ) 
print("Yes func1") 
func1( ) 


Yes, you guessed it right. This code will print the following ENDLESSLY : 


Hello func2 

Yes funcl 

Hello func2 . 

Yes funcl -— 


The above functions (func1( ) and func2( )) will keep on calling one another infinitely and the 
entire memory will be used up — No stop! 


Python will report following runtime error for it : RECURSION! 


Recursion is a technique for iji 
solving a large computational hi 

problem by repeatedly applying ta n 
the same procedure(s) to reduce it jinen 


RuntimeError: maximum recursion depth! exceeded... 


ns Problem with above code is that it is a Recursive 
gram but recursion code is NOT SENSIBLE. You must 


write a sen ibl ; to successively smaller problems. A ipi 
Adema i Sible recursive code that has clearly defined recursive procedure has two parts: ii 
: bet 
iak © stop’. Let us see how. one or more base cases and a {is 
ight or i ; ; ; recursive ste i 
Sensible Recursive code is the one that fulfills E 


ollowi A ti 
Wing requirements : ie 
© it m Hit 
u ; i , A j 
st have a case, whose result is known or computed without any recursive calling - iii: 


th 
e BASE CASE, The BASE CASE must be reachable for some argument/parameter. iM 


© it 
also have Recursive Case, where by function calls itself later section, (Section 6.4, 


explains this clearly) 


tis platform dependent and can be set via sys.setrecursionlimit(limit). 


a 


COMPUTER SciENcs 7 


To understand the above points, letus consider an example pr 


- Program first an d 
6.1 Write a recursive function that computes the sum of numbers Lan; get the y 
user. 
rogram 
1. #program to illustrate recursion 
2 
3. def compute (num): 
4 if (num == 1) T eaceeaiall se i! ute resulr is Pre-kKnoyy, | 
ated) without ap, O" and j | 

Ss return 1 CNY recursive ay 
6 else: y a 
7 return (num + compute (num - 1) ) COMPUIE() calling itself - recur 
8 € coe 
9. #_main_ 
10. last=4 


11. ssum = compute (last) <—— Pital call to function computer ) 


12. print ("The sum of the series from1..", last, "is", ssum) 


The output produced by above code is : 


The sum of the series from 1 .. 4 is 10 


Let us now understand how it (program 6.1) works. Lines 3-7 of program 6.1 define a function 
compute( ), which is a recursive function as it calls itself on line 7. 


1. Program starts _main_ part at line 9 and then calls compute( ) with variable last that 
has value 4, i.e., compute(4) is invoked at line 11 initially. 


2. With function call compute(4) at line 11, control shifts to line 3, where the code of 
compute( ) begins ; parameter num takes value 4. 


2.1 At line 4, condition num == 1 is false, so control shifts to else part (line 6-7) 


Pager , fs 4-1) 
2.2 Line7 calculates return value as num + compute(num-1), i.e., as 4= computer (+1) 
i.e., 4+compute(3). 


Since the value of compute(3) is not known, function compute( ) is to b 
with value 3. 


e called 


3, In line4 
2.2.1 So compute( ) is again called with value 3 so num takes eae ts retum 
num (which is 3) is still not 1 (condition 3 == 1 is false,) 50 ‘tel. 
value) gets computed as 3 + compute (3-1) i.e., 3 + compu 


ic J) 
Pe as num 
2.2.1.1A For compute(2), line 4 condition num == 1 i$ false ( tell) 


so line 7 (its return value) is executed as 2 + T nul H 

2.2.1.1B For compute(1) condition of line 4 (num = 1) is pene ed re 
now. So compute (1) returns value 1 as line 5 gei gel 
control returns to 2+compute(1) (22.1.1A) ™ 
compute (1), 


i p” 


cto 


6.3 


259% 


er 6! RECURSION 
f 2.2.1.1-R So after returning to 2.2.1.1.A, the compute (2)’s 
return value is calculated as 2 + compute(1) =2+1= 
3 (value of compute(1) is 1). It calculates the 
compute(2)’s return value as 3. So the control 
returns to 2.2.1. 
2.2.1.R compute(2) returns value 3. So return value of 3 gets computed 
as 3+compute(2) = 3 + 3 = 6. Now the control returns to 22. 
2.2K compute(3) returns 6 and thus the return value of compute (4) gets 
computed as 4 + 6 = 10 and control returns to line 11 that called compute(4) 
as ssum = compute(4). 
3, Now variable ssum gets the return value of compute(4) as 10 and then at line 12, it 


prints the sui. 


What this program manages to do is to display the value of 4 + (3 + (2 + 1)). That is, it displays 
the sum of the numbers from 4 down to 1. More generally, what this compute method does is to 
return the sum of all the integers between 1 and its parameter n. 


HOW RECURSION WORKS 


You'll notice that the compute function doesn’t always recur: when its parameter 1 is 1, the 
function simply returns immediately without any recursive invocations. (line 5) 


With a bit of thought, you'll realize that any functional recursive function must have such a 
situation, since otherwise, the recursive function will never finish. In fact, these situations are 
important enough to designate special case(s) where result is pre-known without invoking the 
function again : Any condition where a recursive function does not invoke itself is called a base 
case. 


But what exactly happens when a recursive function lacks a base case ? To understand this, we 
need to get some idea about how a computer handles function invocations. 


In executing a program, the computer creates what is called the function stack. The function 
stack is a stack of frames, each frame corresponding to a function invocation. At all times, the 
computer works on executing whichever function is at the stack’s top; but when there is a 
function invocation, the computer creates a new frame and places it atop the stack. When the 
function at the stack’s top returns, the computer removes that function’s frame from the stack’s 
top, and resumes its work on the function now on the frame’s top. 

To see how this works, let's diagram how the program 6.1 operated. To see 


recursion 
| in action j 


| To start off the program, the program pushes a frame į 
corresponding to an invocation to. Notice how this 
| 


frame includes room for return value of compute(4) in 


ssum = compute(4) 
n = eme | variable ssum. 


e | 


oe 


x 
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When the computer invokes compute(4), t 
laces a new frame atop the stack Gon he compu 

compute ; this frame will include the *SPOnding : 

whose value is initially 4. Variable nun, 


4 
aes turn 4 + compute(3) 


line 7 {nun = 4, FE 
fine 11 | ssum = compute(4) 


When the computer sees that compute(4) ina 
compute(3), the computer places a new frame ce 
stack, containing the variable num, whose Ties 

Is | 


initially 3. 


compute (3) 
num = 3, return 3 + compute(2) 


compute(4) 
num = 4, return 4 + compute(3) 


compute(2) 

num = 2, return 2 + compute(1) 
compute(3) 

num = 3, return 3 + compute(2) 
compute(4) 

num = 4, return 4 + compute(3) 
ssum = compute(4) 


compute(1) 
compute(2) 
num = 2, return 2 + compute(1) 
compute(3) 
compute(4) 


ssum = compute(4) 


| bi | | 


line 7 


line 7 


line 11 


When the computer sees that compute(3) invokes 
the computer places a new frame atop the | 


compute(2), 
ariable num, whose value is | 


stack, containing the v 
initially 2. 


line 7 


line 7 


line 7 


line 11 

i ae invokes 
When the computer sees that compite) atop 
compute(1), the computer places a new alse is 
stack, containing the variable 1n, whose V 


initially 1. 


line 7 


line 7 


line 7 


line 7 


| 


line 11 


When the computer sees that compute(1) returns, it 
pops the top frame off the stack and resumes with 


compute(2) whatever frame is now at the top — which happens to 
num = 2, return 2 + 1 i.e., return 3 be the frame for compute(2). Value for compute (1) is | 
ptet) replaced with its return value which is 1 

num = 3, return 3 + compute(2) 

compute(4) 


num = 4, return 4 + compute(3) 


When the computer sees that compute(2) returns with 
value3, it pops the top frame off the stack and 
resumes with compute(3). 


compute(3) 
num = 3, return 3 + 3 i.e., return 6 


compute(4) 
num = 4, return 4 + compute(3) 


ssum = compute(4) 


paseze 
8. When the computer sees that compute(3) retums with 
value 6, it pops the top frame off the stack and 
resumes with compute(4). 
compute(4) 
line 7 |num = 4, return 4 + 6 i.e., return 10 
9. When the computer sees that compute(4) returns with 


value 10, it pops the top frame off the stack and 
resumes with statement. 
ssum = compute(4) i.e., ssum = 16 


ee 


10. 


Now the last line of program is executed and result is 
printed as ieee 
The sum of series from 1..4 is 10 tia 


SN 


E 
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And after this, the program ends and its frame is also removed from stack a 
empty. nd stack beg 
. Om 
So we can say that above given compute(4) was executed as follows - is 
compute (4) 
= 4 + compute (3) 
= 4+ (3 + compute (2) ) 
= 4+ (3+ (2 + compute(1) ) ) 
=4+(3+(2+1)) 


=4+(3+3) 
=446 
=10 


6.2 Write a recursive function to print a string backwards. 


1. #simple recursion 

2. def bp(sg, n): 

3 ifn>e@: 

4 print(sg[n], end='') 

5; bp(sg, n-1) «—————— Recursive call to function bp( ) 
6 elif n==0: 

7 print(sg[@]) 

8 

9 


# — main_ 
10. s=input("Enter a string : ") 
11. bp(s, len(s)-1) 


The output produced by above program is as shown below : 


Enter a string : NEWS 
' SWEN 


Can you figure out the flow of execution of above program? It is : 


| 


Ree errs ————— $ 
kake Anan 22 see 


eet 


Saar a ee amas 


omen 


v 


bp(sg="NEWS".n=3) | bpl ="NEWS', n= 2) | 


bp(sg = “NEWS”, n = 1) | bps Base case 
a 


—— | 


vel 
e how this recursive program executed itself. 
se 
et us i 
ens 1 
at hapP 4 ek 
So ae will never stop grow ing. The computer, however, limits the stack to a particular 
_ the 
gight so that no Pi 
j mputer initiates an exce 
o „tof 
„tems oint O : 
ee P ory and interfere with other better-behaved programs that may be running.) The 
ee is labelled as maximum recursion limit exceeded. 
“ce 
xceP _main__ part 
= Enter a string : NEWS 
1 
4st call to bp( ) made len(s)-1 is 4-1 = 3. 
oO f2 3 
1 
' njejw]s] 
line : 
10 : bp(sg, 3) 
11 sg = "NEWS", n = 3 
2 n > 0 true Output 
3 print(sg[3], ---) SWEN 
3 2nd call to bp( ) made 
bp(sg, 2) 
5 
40 main part 
n :—  bp(sg, 3) 
= : 
A bpísg. 2) 
sg = "NEWS", n= 2 
3 n>Otrue 
F print(sg{2), ..-} 
4 3rd call to bp( ) made 
5 bp(sg, 1) 
10 _—_main__ part 
11 : 
2 bp(sa, 3) 
3 
4 ‘ 
5 bp(sg, 2) 10 __main__ part 
2 bp(sg. 1) " bp(sg, 3) 
? sg = "NEWS", n=1 
5 n>Otrue bp(sg, 2) 
print(sg[1], .. 
2 : (sg[1], ...) bp(sg, 1) 
3 th call t bp( ) made 
f- bp(sg, 0) bp(sg, 0) 


sg = "NEWS", n=0 
n> 0 false 
n == 0 true 


BASE CASE REACHED 
print(sg[0]) i 


NOUN 


Consider another recursive function that also does the same thing as 


printing of a string. 
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‘ HON 
Program 6.2, ` 


= e, Pan 
P 6.3 Write a recursive function to print a string backwards. j 
rogram 1. #simple recursion f 
2. defbp (sg, n): | 
3. ifn>@: | 
4 k=len(sg) -n : i 
5. bp (sg, n-1) <———__Seeursve call to function bp¢ ) | 
6 print(sg[k], end=' ') eaman 
7 PIARA =O.: same as ni PY above Progtam « 
8 return Program, ie, Sai | 
9 
ked 10. #__main_ tt a String ; Ney 
Pai 11. s=input("Enter a string: ") 
oj: m; 12. bp(s, len(s)) 

e. : 
i Be Let us see how above recursive program executed itself. Although it does the | 
a thing as previous program 6.2, yet it is different from program 6.2, ie- 

__main__ part 
Enter a string : NEWS __main_ part i 
tst call to bp( ) made len(s)is 4. bp(sg, 4) | 
bp(sg = "NEWS", n = 4) 
__main__part bp(sg, 3) 
bp(sg, 2) 
bp(sg, 4) sg ="NEWS",n=2 
age HEWES =4 n>0 true 
n>0 true len(s) is 4. k=(4-2)= [2] 
k=(4-4)= oj 4th call to bp( ) made 
2nd call to bp( ) made bp(sg, 1) 
bp(sg, 3) 
—main__part __main__part 
bp(sg, 4) bp(sg, 4) 
bp(sg, 3) bp(sg, 3) 
sg = "NEWS", n =3 bp(sg, 2) 
n>0 tue 
k=(4-3)=[] bp(sg, 1) 
3rd call to bp( ) made sg = "NEWS", n=1 
bp(sg, 2) : ed = 


Sth call to bp() made 
bp(sg, 0) 


— 


, RECURSION 
pop! 


| main part _ —main__part 
: pp(sg. 4) — — bp(sg, 4) 
: pp(s9: 4 bina 
: bpl% i a 
: O bplsg: 1) bp(sg, 2) 
` bp(s9.0) 
gg = "NEWS". n=0 
n>0 false 


n==0 true BASE CASE REACHED a 
print(sg[k]..) T 


retum 


__main__ part 
bp(sg, 4) 
main part k=0 
bp(sg, 3) 
4 

bp(sg. 4) de Hi 
bp(sg, 2) ti 

bp(sg, 3) i 

} He 
bp(sg, 2) pi 
bp(sg. 1) 


print(sg[k]..) tH i 
k= a Ry 


bp(sg. 0) -~ i 


=< __main__part 


bp(sg, 4) 
print(sg[k}..) 


—main_ part {i 


bp(sg, 4) 


bp(sg, 3) 


bp(sg, 2) 


k=2 
bp(sg, 1) 


Ss 
Ss 


Print(sg{k)..) 
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Thus, as you can see that flow of execution of above program is as : 


Pana 29243-94-95-9299-94-98-929994 9591299949542 4957 g BES 
| A ; N 


ran ES ie Lp 
bp(sg = NEWSI n= 4) bp(sg = "NEWS", n= =3)!  bp(sg = "NEWS", n = 2) | 
nal ntl Sa pis! Se k=2 | “NEW, 
+t i Base Cas 5 | 


Í 
bp(sg = “NEWs" 
Base CR 9) 


Technically, Python arranges the memory spaces needed for each functi : 
cton call in a | 
memory area for each new call is placed on the top of the stack, and thon taken off Stack, The 
a 


the execution of the call is completed. So, you can say that, the stack goes through th graw when 
e followin 
g 


sequence in recursive calls : 


keeps on Calling itself 


1st call pia call ist Fa until Ba 
n SE CASE iş 
reached which 
emys — | | — acm 
[fez 
1st call CASE 
ist call 1st call 
retum | 2nd call return return 
— ——- ——— (empty stack) 
BASE CASE 3rd call 2nd call 
eums returns returns 


Figure 6.2 Memory manipulation in recursion. 


Python uses this stacking principle for all nested function calls — not just for recursively 
defined functions. A stack is an example of a “last in/first out” structure. 


6.4 RECURSION IN PYTHON 
her prog: 


As you have seen, recursion occurs when a function calls itself. In Python, as in ot rile 
ramming languages that support it, recursion is used as a form of repetition that does no 
iteration. TA 
ee ee E ion of itself. Ha” 
A Recursive Definition is a definition that is made in terms of a smaller version of its 


look at following definition of x”, which is non-recursive : 
ive) 
. gs ponreculsl 
a” eg ee (Iterative definition - nO” 
Now, it can be represented in terms of recursive definition as follows : 


x" =x*(x"71) for n>1 (Recursive definition) 


=x for n=1 
=1 for n=0 


| 


corte 


Recursive Function. Before you start working recursive functions, 


you must know 
witing a recursive function must have at least two cases : 


ve : ; 
that € : ) the Recursive Case (or the inductive case) 


(ii) the Base Case (or the stopping case) - ALWAYS REQUIRED 


The Base Case is a small problem that we know how to solve and is the case that causes 
2 the recursion to end. In other words, it is the case whose solution is pre-known (either as a 

value or formula) and used directly. 

The Recursive Case is the more general case of the problem 
já we're trying to solve using recursive call to same function. 


se Case in a recursive 
, i 1 MUST BE REACHABLE. 
Asan example, with the power function x”, the recursive case MUSE REAG 
; ? ; 
would be: 


power (x, n) = x* Power (x, n-1) 


and the base cases would be 


Every recursive functio: 
of one or more base cases and a 


=x whenn=1 A 
Power (x, n) general, recursive case. 


and Power (x, n)=1 when n= 


Other cases (when 1 < 0) we are ignoring for now for simplicity sake. 


Consider the following example (program 6.4) of Power Function : 
6.4 Program to show the use of recursion in calculation of power e.g., a? 


# power a to b using recursion 6_4 
def power(a, b) : 


ifb==0: # BASE CASE 
return 1 
else: 


return a * power(a, b-1) 
# _ main__ 
print("Enter only the positive numbers below") 
num = int(input("Enter base number :")) 
P = int(input ("raised to the power of :")) 
result = power(num , p) 


print(num, "raised to the power of", p, "is", result) 


Th 
€ output produced by above program is as : 


ater only th 
Enter base ny 
raised to the 
raj Sed to th 


D 


e positive numbers below 
mber : 7 


Power of : 3 
© power of 3 is 343 
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If there is no base case, or if the base case is never executed, an infinite recursio, 


On oce 
: ; A - Ur. 
Recursion is when a recursive function calls itself endlessly. Infinite recurs} ie 
one of the following cases. 


On can haps ai 
(i) Base Case Not Defined. When the recursive function has no BASE c i 
infinite recursion will occur. ASE de 


fing 
(ii) Base Case Not reached. Sometimes you have written a base case but ' 
execute it, is never satisfied, hence the infinite recursion occur. 3 Condition , 
0 
For example, the code of above program 6.4 will face infinite recursion if You ent 
value for power, In that case, the condition for base case, i.e., ra Neate 
if b= 


=@ Pe e This condition will never be true for a 
negative value of b 
return 1 


will never be satisfied and hence infinite recursion will occur. 


To avoid infinite recursion, your code should take care of 
Possible values that may cause infinite recursion, e.g., above 


Program (6.4)’s code can be modified as follows to avoid infinite 
recursion : 


def power(a, b) : 


if b <= 0 : <———. Now it takes care of negative i as aa 
return 1 EE [An Infinite Recursion is when a 
ka recursive functio calls itsel 
ease % endlessly, 
return a * power(a, b-1) 
# _ main_ 
Or 


You may check for negative value of power in —main_ part as well, i.e., as : 


def power(a, b) : 


#_ main_ 
num = int(input("Enter base number ;")) 
P= int(input("raised to the power of :")) 
ifp<e: 

print ("Sorry, 
else: 


Now it takes care of negative values 
<< 

x of power 
negative power not allowed") ©? 


result = power (num »P) 


print(num, "raised to the power of", p, "is", result) 


You can easily determine the flow of execution in above program. 


crore" 
‘on 5 ie i T SETE - 
ji Vers! code may also be written in non-recursive way, which is the iterative version of the 
H A recurs ance the iterative version of above program(6.4)’s code is given in program 6.5. 
For i 
game: 
pelow late a” using iterative code. 
agg Program to galeuia 
6. # power a to b using iteration 
lj m = 
og def power (a, b) : 
res=1 
if h== 6: Iterative version to calculate a’ 
<< version to Ci Pa . 
nauri o caiculate a 
else : 


for i in range(b): 
res=res*a 
return res 
# main 
print("Enter only the positive numbers below") 
num = int (input("Enter base number :")) 
p=int(input("raised to power of :")) 
result = power(num , p) 
print(num, “raised to power of", p, "is", result) 
The output produced by above program is as : 


Enter base number : 3 
raised to power of : 4 
3 raised to power of 4 is 81 


6.4.1 Some Recursive Codes 
Let us write some Python codes that use recursion carrying out its task. 


A. Computing Factorial Recursively 


Now, consider another example. The factorial of a non-negative number is defined as the 
Product of all the values from 1 to the number : 


n!=1*2*..*n 
It can also be defined recursively as 
ak if n< 2 
Recursively f : ý a te? 
# ee santan would be written as follows : 
actorial function 6.6 
def factorial (n): 
ifn< 2: 
return 1 
return n * factorial(n-1) 


M 
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#__main_ 

n =int(input("Enter a number (> 0) : ")) 

print("Factorial of", n, "is", factorial(n)) 


Sample runs of above program code are : 


Enter a number (> 0) : 4 
Factorial of 4 is 24 
SSsSs sss sss 
Enter a number (> 0) : 5 
Factorial of 5 is 120 


The iterative version of above given factorial function is (you already have written this) . 
def factorial (n) : 


fact =n 

for I inrange(1, n): 
fact = fact *I 

return fact 


B. Computing GCD recursively 


We can efficiently compute the ged using the following property, which holds for Positive 
integers p and q: 


Ifp>q 


the ged of p and q is the same as the gcd of p and p % q. That is, our Python code to compute 
GCD recursively would be : 


def gcd (p, q) : 
ifq==0: 
return p 
return gcd(q, p%q) 


The base case is when q is 0, with ged(p, 0) 
base case, observe that the second input st 
If p < q the first recursive call switches th 


= p. To see that the reduction step converges to the 
rictly decreases in each recursive call since p % 4<4 
e arguments. 
gcd(1440, 408) 
gcd(408, 216) 
gcd(216, 24) 
gcd(192, 24) 
gcd(24, @) 
return 24 
return 24 
return 24 
return 24 
return 24 


saniel 
gop’? 


is paitaa soln ion se Depr of computing the greatest common divisor is known as 
guclid’s algo” itam an of the oldest known algorithms - it is over 2000 years old. 


u can write recursive code for GCD computation yourself, (also refer to solved problem 15) 


yo 
ç fibonacci N 

i you have written program to compute and display Fibonacci series using a loop. Here we are 
going to develop a recursive method to compute numbers in the Fibonacci sequence. This infinite 
sequence starts with 0 and 1, which we'll think of as the zeroth and first Fibonacci numbers, and 
each succeeding number is the sum of the two preceding Fibonacci numbers. Thus, the third term 
js0+1=1. And to get the fourth term Fibonacci number, we'd sum the 2nd term (1) and the 3rd 
erm (1) to get 2. And the fifth term is the sum of the 3rd term (1) and the 4th term (2), which is 3. 
And so on. 


umbers 


n : oOo 2 2! 3 g 
nth Fibonacci : 0 1 1 2 3 


ou 


6 Asked W Y 
8 13 21 3 -55 89 


uo 


We want to write a method fib that takes some integer n as a parameter and returns the nth 
Fibonacci number, where we think of the first 1 as the first Fibonacci number. Thus, an 
invocation of fil(6) should return 8, and the invocation of fib(7) should return 13. 


def fib(n) : 
ifn==1: # 1st termis ð 
retung — OS 
elif n==2: # 2nd term is 1 etm i rt 
return 1 aie eee 
else: 


> RECURSIVE CASE = the fib( ) function 
return fib(n -1) + fib(n -2) is invoking itself from its own body 


In talking about recursive procedures such as this, it’s useful to be able to diagram the various 
method calls performed. We'll do this using a recursion tree. The recursion tree for computing 


fib(5) is in Fig. 6.3. 
Initial parameter is 5. 


Figure 6.3 Recursion tree for computing fib (5). 


e) at the top, representing the original 


The recurs; a eee 
ursion tree iginal parameter (5 in this cas 
nels eau T o recursive calls, to fib(4) and fib(3), so 


Method invocation. In the case of fib(5), there would be tw 
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K 5 ; Ho 

ga in our diagram below 5 and draw a line connecting them 6 “X 

we incl scursive calls itself, diagrammed in the recursion tree, as does fip B) Coursa 

has twor vie. 63 depicts all the recursive invocation of fib made in the Course The cg 

oe pe 3 ; e depicts those cases when there are no ioe, of a 

fib(5). The UTSive 

. c 


thi whi n? ae 1; 
Ç, 


p 6.6 Program using 4 recursive function to print fibor 


ude 4 and 3 


nacci series upto nth term 


rogram def fib(n) : 
7 ifn==1: 
return ð 
elifn==2: 
return 1 


# 1st termis 6 


# 2nd termis 1 


else: 
return fib( n -1 ) + fib(n -2 ) 
#_main_ 
n=int(input( 
foriinrange(1,n+1): 
print(fib(i), end=', `) 
print("...") 


"Enter last term required :")) 
# list with values 1..n 


The output produced by above program is: 


Enter last term required : 8 
0, 1, 1, 2, 3, 5, 8, 13, - 


6.4.2 Binary Search 
Another popular algorithm that uses recursion successfully is binary search algorithm. Buthey, 
we have not talked about binary search before. No worries! We shall first discuss what binay 
search is, how it works, write its normal iterative code, and then use it recursively too. 


Binary Search Technique 


omparisons. The 


This popular search technique searches the given ITEM in minimum possible c 
say 


tal hee the array, to be scanned, must be sorted in any order (for B s 

nding order). i . f the 

ne eae search, the ITEM is searched for in a smaller segment (nearly hal - 
er every stage. For the first stage, the segment contains t 


he entire array 
T f sii 
o search for ITEM in a sorted array (in ascending order), the ITEM is compared with gi 


ore than HF 


element of t ae 
ent of the segment (ie., in the entire array for the first time). If the [TEM ism i reM" 
if the 


middle ele 
less hice ae ae ee ee i. 
ement, former part of th 
new segment t e segment becomes 
ar aay. scanned, The same process is repeated for the 
successful) or th until either the ITEM is found (search 
still the ITEM is aa an S reduced to the single element and 
S not found (search unsuccessful) 


re illustrates the process of binary search in a sorted array. 


gollowin® ., Key ina sorted array with N elements. 
i 


iteration 1 
ison 
If key matches the 
— at mid 
position, search 
is successful 
U/ 
agment p iteration 2 
soeh no array 
E ent iterates if key > Array 


Search segment 
is one fourth in 
3rd iteration 


iteration 3 


Search segments’ size 
will keep on reducing until 
one element long segment 
or the element is found 


if key == Array[mid] 
element found 
else 
element not found 


Figure 6.4 Working of Binary Search Algorithm, 


Algorithm Binary Search in Linear List (Array AR[L: U] ) 
Casel: AR in ascending order Case II : AR in descending order 
#Initialise segment variables 


# Initialise 
l. Setbeg=L, last=U #Lis@,Uissize-1 


while beg <= last, perform steps 3 to 6 if AR[mid] = =ITEM then 
i mid = (beg + last) /2 { : 
Af AR [mid] == ITEM then } 
{ print("Search Successful") if AR[mid] < ITEM then 
print(ITEM, "found at", mid) EDSA 
br 
} ad if AR[mid] > ITEM then 
ú j beg=mid+ 1 
if i 
AR[mid] < ITEM then ; 
i if Fara pidge # Rest is similar to the algorithm in Case I. 
en > ITEM then 
ast = mid — 1 
* End of white 
8, 


Print" 
END. ( Unsuccessful Search") 


B 


6.7 Binary Searching in an array (a sorted list), 


rogram 
def binsearch(ar, key) : 
=@ # initi ; 
w TRAY lowend is at g 
high = len(ar) - 1 # initially high end is i 
while low <= high : Size .4 
mid = int((low+high) / 2) 
if key == ar[mid] : #if key matches the Middle e] 
return mid # then send its inde in oa ement 
elif key < ar[mid] : y 
high =mid-1 # now the segment shoul 
dbe fi 
else: e first hare 
low=mid+1 # now the segment should b 
e latt : 
else: #loop’s else er half 
return -999 
#__main_ Enter search item: 32 
ar= (12, 15, 21, 25, 28, 32, 33, 36, 43, 45] 3 Flow = index 5 
item = int(input("Enter search item :")) Enter earch ite 15 
res = binsearch(ar, item) 15 FOUND at index 1 
if res >=0; # if res holds a@..n value Se, 
a a s i Enter search item: 10 
rint(item, "FOUND at index", res 
prine(ieen, hes’) Sorry! 10 NOT FOUND in array 
else: ===SS>>===== a 
a I 
print("Sorry!", item, "NOT FOUND in array") Enter search item: 45 
45 FOUND at index 9 
Some sample runs of the above program Enter search item: 12 
as shown on the right. 12 FOUND at index 0 


Enter search item: 35 


Sorry! 35 NOT FOUND in arrey 
Pre-requisits of Binary Search 


i itions must be fulfilled. 
In order to implement binary search on an array, following conditions must be 


(i) the given array or NOTED e PA 
sequence must be -reme z 
sorted. 


(ii) its sort-order and size 
must be known. 


k on both sorted ê 


r 
can wo only 


arrays. However, linear search 

arrays while binary search can y aaa 
m works with single-dimension? = 

cal Tanith single and multi-dimens!° 


array pata 


2 3 


Em 


ter ó: RECURSION 
chor 


solution. (i) Search for 44. 
123.4 5 6 7 8 9 10 41 Jag Slept: 
rT T] 


ty 28 | | beg =0; last = 11 
p 
| ; : 0 
mid mid = INT on = Int (5.5) =5 
Step I; 
Data[mid] i.e., Data[5] is 28 
28 < 44 then 
beg = mid+1 Le. beg=54+1=6 
Step III : 
wi? ; oe (beg + last)/2) int 5 8 
G Te] i LJ Data[8] i.e., 42 < 44 then 
vid beg=mid+1 ie, beg=8+1=9 
Step IV: 
: 9+11 
beg 9 10 11 _ last me =INr( 2. j= 
L 49 | 7 Data[10] i.e., 49 > 44 then 
mid last = mid-1 
last =10-1=9 
Step V: 
beg 9 last 
bere ag mid =int( Saree) 049) =9 
E m i 
mid (beg = last = 9) 


Data [9] i.c., 44 = 44 
SEARCH SUCCESSFUL !! At location number 10. 
(ii) Search for 36 


Sept: beg =0 ; last = 11 Step IV: mid -n| 27 =! J- 6 
J 
. O+il) - 
mid =iNt( ; - 5 Data [6] is 31 
31 < 36 then 
Step: Data [mid] ie., Data [5] is 28 beg = mid+1=6+1=7 
28 < 36 then beg 
=mid+1=5+1=6 T7) 
Step V : mid =INT 7 =7 
Step II] ; mid in {SS )-8 (beg = last = 7) 
2 
Data [7] is37 = 37 +436 
Data[8] i.e., 42 
42 > 36 then SARCH UNSUCCESSFUL !! 


last = mid-1=8-1=7 


— 
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6.4.3 Recursive Binary Search 
Now that you have fair idea about Binary search algorithm and how it works, let US See h 
can be implemented recursively. Ow j 
As you can see that process of finding the element is same in all search-segments, Only the] 
limit low and higher limit high of a segment changes if the element is not found at the ete 
(mid) position of the search-segment. Thus, a recursive call can be made to the binary Iddle 
function by changing the limits. The search stops when either the element is found and i 
index is returned OR lower limit becomes more than higher limit-this will happen When hi 
search- segment reduces to size of single element and search is still unsuccessful, in this ¢ he 
both mid + 1 or mid - 1 will make lower limit more than higher limit - which Means Bao 
unsuccessful. 5 
Following program lists the recursive version of binary search algorithm. 


t 


6.8 Write a recursive function to implement binary search algorithm. 


# binary recursive search 
def binsearch(ar, key, low, high) : 
if low > high: # search unsuccessful 
return -999 = BASE CASES 


mid = int((low+ high) / 2) 


rogram 


if key == ar[mid] : # if key matches the middle element 


return mid # then send its index in array 
elif key <ar[mid] : 
high =mid -1 # now the segment should be first half 
return binsearch(ar, key, low, high) <————.__ RECURSIVE CASES 
else: 
low =mid+1 # now the segment should be latter half 


return binsearch(ar, key, low, high) 


#  main__ Enter search item: 32 
ary = [12, 15, 21, 25, 28, 32, 33, 36, 43, 45] 32 FOUND at index 5 
# sorted array ent 
item = int(input("Enter search item:")) Eser sparc —_— 
; ; 15 FOUND at index 1 
res = binsearch(ary, item, @, len(ary)-1) FE 
ifres>=0; #ifres holds að. .n value, Enter search item: 10 
print(item, "FOUND at index", res) Sorry! 10 NOT FOUND in array 
else: me 
print("Sorry!", item, "NOT FOUND in array") Enter search item: 45 
45 FOUND at index 9 
ee 
Some sample runs of the above program Enter search item: 12 
as shown on the right . AE Faas Ses E a 


Enter search item: 35 a 
Sorry! 35 NOT FOUND in arr 


— 


_ RECURSION 


pop!” 


RECU 
f, ; P 
pis PiP S° 


Pleas 


w of the following 
a ve functions ? 


a) def print(ch) = 


of 


if ch != 


sion is 


Science wit 


aslON PRACTICALLY 


e check the practical component-book ~ Progress in Computer 
h Python and fill it there in PriP 6.1 under Chapter 6 after 
practically doing it on the computer. 


are examples of 


print(ch + 1) 


print('k') 
g) def recur(p) : 
ifp==0: 


print ("##") 


else: 


recur(p) 
p=p-1 


recur(5) 
() def recur(p) : 
ifp==0: 


print("#") 


else: 
p=p-1 


recurl(p) 
def recuri(n) : 


ifn%2== 
return n 
else: 


return (n-5) 


(3) def Check(c) : 
Mate(c+1) 

def Mate(d) : 
Check(d-1) 

def ProNum(n) 
if n =. 1: 


te) 


return 
else : 


Print(n) 
Prnum(n-2) 


Ba 


aimed at practice of recursion in Python. 


3 
>>> k< 
6.5 RECURSION vs ITERATION 


Recursion and loops are actually related concepts. Generally, 
anything you can do with a loop, you can do with recursion, 
and vice versa. Sometimes one way is simpler to write, and 
sometimes the other is, but in principle they are inter- 
changeable. Although loop and recursion are interchangeable, 
yet there are some examples where recursion is indeed the best 
way to approach a problem. 


Even for problems that can be treated equally well through 
iteration and recursion, there is a subtle difference which is 
because of the way loops and method calls are treated by a 
programming language compiler. 

When a loop repeats, it uses same memory locations for 
variables and repeats the same unit of code. Whereas in 
recursion, instead of repeating the same unit of code and using 
the same memory locations for variables, fresh memory space is 
allocated for each recursive call. 


As it happens, any problem that can be solved via iteration can be 
solved using recursion and any problem that can be solved via 
recursion can be solved using iteration. Iteration is preferred by 
programmers for most recurring events, reserving recursion for 
instances where the programming solution would be greatly 
simplified. In a programming language, recursion involves an 
additional cost in terms of the space used in RAM by each 
recursive call to a function and in time used by the function call. 


Because of extra memory stack manipulation, recursive 
versions of functions often run slower and use more memory 
than their iterative counterparts. But this is not always the case, 
and recursion can sometimes make code easier to understand. 


Recursion is heavy on memory because with each recursive call, there are 
unfinished function calis still lying in memory. ean ies ee 
after base case has been reached and ht junion ata 


‘getting completed: 


COMPUTER SCIENCE WITH PYTHON 
~ Xi] 


So, you can say that : 
¢ recursion makes a solution look shorter, closer in spirit to abstract mathematica] enti 
’ TÝ + 


iteration makes a solution less costly to implement but all logic is part of loop, so length; 
it appears. Bthier 


It always depends on the problem being solved which approach is better for it — iteratio 
recursion. =a 


LET US REVISE 
a en LTS, 


* A function is said to be recursive if it calls itself. 
+ There are two cases in each recursive functions ; the recursive case and the base case. 


* The base case is the case whose solution is pre-known and is used without computation. 

+ The recursive case is more general case of problem, which is being solved. 

* An infinite recursion is when a recursive function calls itself endlessly. 

«+ If there is no base case, or if the base case is never executed, infinite recursion occurs. 

** Iteration uses same memory space for each pass contrary to recursion where fresh memory is allocated for each 


successive call. 
_ % Recursive functions are relatively slower than their iterative counterparts. 
$+ Some commonly used recursive algorithms are factorial, gcd, fibonacci series printing, binary search etc. 


Opriective Type Questions 
OTQs 


Multiple Choice Questions 


1. Recursion is a 
(a) generic class. 
(b) process of setting a value based on its previous value. 
(c) process of defining a method that calls itself. 
(4) process of repeatedly calling other methods. 
2. A function that is called by itself, either directly or indirectly is called as 
(a) Super function (b) Recursive function 
(c) Main function (d) All of these 
3. Iteration uses a Tepetition/looping structure whereas recursion uses 
(a) Sequence structure 
(b) Selection structure 
(c) Looping structure 
(d) Function call 
4. Recursion is heavy on memory as compared to iteration because 
(a) There are multiple cases in recursive functions. 


op!" ne had 
G sae atl unfinl . 
(0) consume lesser memory than multiple cases. 
(a) 10° i ons can run faster after consuming more memory. 
c 
d) Fun . e case for which solution is re-know : i 
l “ecursive function, th P n or computable with an expression 
5 d E 
calle sae nate (b) Explicit case 
(a) Re sgt (d) repetitive case 
as 
(8 : ction case must always be reachable. 
a recursive funcHor, nA 
Jn Recursive case (b) Explicit case 
(a) (d) repetitive case 
(o) Base ca8° invoke 
a i alw c i 
P recursive function, case always invokes another function. 
; A Recursive case (b) Explicit case 
g Base a (d) repetitive case 
s . iv i ? 
6 which of the following is correct skeleton for a recursive function ? 


a 


shed function calls lying in memory. 


def solution (N) : 


if base_case_condition : 
ething easily computed or directly available 


(a) 
return som 


else: 
divide problem into pieces 
g calculated using solution(some number) 


return somethin 
(bt) def solution (N) : 
if base_case_condition : 
return something easily computed or directly available 


else: 
divide problem into pieces 
return something calculated using solution(N) 


(c) def solution (N) : 
divide problem into pieces 
return something calculated using solution(N) 


(d) def solution (N) : 
if base_case_ condition : 
return something easily computed or direct 
else : 
divide problem into pieces 
return something calculate 


ly available 


b the 
recursive a: 
(a) P rsive function, if the base case is not reached, what happens 2 
TOPTA 
(b) P gram executes and shows ‘Syntax error.’ 
rogram does not run at all. 


(c) 


(d) Pr 
°8ram keeps on executing and ‘Out of Memory’ Or ‘Stack OV 


d using solution(some number ot 


Pro 
ran 2 i 
Sram executes the recursive case only once. 

erflow’ error occurs. 
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at 7 
pega ON 
10. Which of the following cannot be 
(a) Factorial program l 
; h > 
(c) Binary Searc l 
oe computing factorial 
11. Pick an option to complete the au = 
function. 
def factorial(n): 
if n == 0: # Base case 
return 1 


else: ; 
return # Recursive call 
De sa a PO 


verted in a recursive function ? ~X 
(b) random function generation 
(d) Greatest Common Divisor 


(a) n*(n-1) (b) n , 
(c) n* factorial(n-1) (d) factorial(n—1)* n 
12. What are the base cases in the following recursive function ? 


def recfunction(n): 
ifn>@: 
print(n % 18) 
recfunction(n // 10) 


(a)n>0 (b) n <=0 (c) no base cases (d)n<0 
13, In the following function, what is the base case ? 
def recfunction(n): 
ifn==1: 
return 1 
else | 
return n+recfunction(n - 1) 
(a) nis 1 


(b) nis greater than 1 
(c) nis less than 1. 


(d) no base case. 
14. Carefully read the following recursive function 
def factorial(n): 
return n * factorial(n - 1) 
(a) Invoking factorial(0) returns 0, 
(b) Invoking factorial(1) returns 0. 
(c) Invoking factorial(2) returns 2. 


(d) The function runs infinitely and causes 
15. How many 


and choose one of the given options. 


a StackOverflowError. 
times is the factorial function given below invoked for factorial(4) ? 
def factorial(n): 
ifn==@: # Base case 
return 1 
else: 


return n * factorial(n -1) 


(a) 3 (b) 4 


(0) 5 (d) 6 


Blanks 


function is said to be if it calls itself. 
A ni 


The — 


y recursive function consists of one or more base cases and a general, case. 
Ever 


1 
2 
3. 
4. when 
5 
6 


Case in a recursive program must be reachable. NR MMH AL! | 


a recursive function calls itself endlessly, it is called 
c 


I recursive function, the case with a determinable solution is called 
na 


The recur 
problem. 
7, Infinite recursion occurs when 


Tre/False Questions 
nly one base case in a recursive code. 


sive solution of a problem consumes ______ memory than the iterative solution of the 


case is not reached at all. 


1, There can be o 
There can be multiple base cases in a recursive code but the base case must be reachable at some 


point of time. 
Recursive solution is a compact solution than iterative solution of a problem. 


Recursive solution is a faster solution than iterative solution of a problem. 


Recursive solution consumes same memory as the iterative solution of a problem. 


Doom eop 


Every recursive call reduces the original problem into a simpler form and each successive calls 
brings it closer to a base case. 


7, Every recursive function must have a return value. 


8. A recursive function is invoked differently than a non-recursive function. 
9, Recursive function calls another function before finishing previous function call. 


10. Infinite recursion may eat up all the available stack memory. 


NOTE : Answers for OTQs are given at the end of the book. 


Solved Problems 


1, What is recursion ? 


Solution. In a program, if a function calls itself (whether directly or indirectly), it is known as 
recursion. And the function calling itself is called recursive function e.g., following are two examples 
of recursion : 


(D def AC): (ii) def BC): 
AC) c() 

def C(): 
B( ) 


What are base case and recursive case? What is their role in a recursive program? 

Solution. In a recursive solution, the Base cases are predetermined solutions for the simplest versions 
of the problem : if the given problem is a base case, no further computation is necessary to get the result, 
The recursive case is the one that calls the function again with a new set of values. The recursive step 
1S @ set of rules that eventually reduces all versions of the problem to one of the base cases when 
applied repeatedly. 


a 


3. Which of the following is correct skeleton for a recursive function? 
(a) def solution (N) : 
if base_case_condition : 
return something easily computed or directly available 
else: 
divide problem into pieces 
return something calculated using solution(some number) 


(b) def solution (N) : 
if base_case_condition : 
return something easily computed or directly available 
else : 
divide problem into pieces 
return something calculated using solution(N) 
(c) def solution (N) : 
divide problem into pieces 
return something calculated using solution(N) 
(d) def solution (N) : 
if base_case_condition : 


return something easily computed or directly available 
else : 


divide problem into pieces 


Solution. (d) 


4. Why is base case so important in a recursive function ? 
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return something calculated using solution(some number other than N) 


Solution. The base case, in a recursive case, represents a pre-known case whose solution is also preknown. 


This case is very important because upon reaching at base case, the termination of recursive function 
occurs as base case does not invoke the function again, rather it returns a pre-known result. In the 
absence of base case, the recursive function executes endlessly. Therefore, the execution of base case is 


necessary for the termination of the recursive function. 
5. When does infinite recursion occur ? 


Solution. Infinite recursion is when a recursive function executes itself again and again, endlessly. 


This happens when either the base case is missing or it is not reachable. 
6. Compare iteration and recursion. 


Solution. In iteration, the code is executed repeatedly using the same memory space. That is, the 


memory space allocated once, is used for each pass of the loop. 


On the other hand in recursion, since it involves function call at each step, fresh memory is allocated 
for each recursive call. For this reason i.e., because of function call overheads, the recursive function 


runs slower than its iterative counterpart. 


7. State one advantage and one disadvantage of using recursion over iteration. 


; ; e 
Solution. Advantage. Recursion makes the code short and simple while iteration makes the cod 


longer comparatively. 


š a A . . d 
Disadvantage. Recursion is slower than iteration due to overhead of multiple function calls an 


maintaining a stack for it. 


et 


URSION 
6 2 REC 


crop!" 


$. 


$ a Sn eal eee 
put a7 following function Check() return when the values of both ‘m’ and ‘n’ are equal to 5 ? 
ya 
a the working. 


gef check(m, n) : 
jfn==1 : Has 
return -m nt : 
else: 
return (m+ 1) +Check(m+1, n- 1) 


Solution. 


Statement executed 
Check (m, n) i.e., Check (5, 5) 
n=1 


return (m + 1) + Check(m, n-1) 


Internal work and Stack 


= 1 False 


return 6 + Check (6, 4) 


4 = 1 = False 


Check (6, 4) 
n=1 


return (m + 1) + Check(m, n-1) 


7 + Check(7, 3) 


6 + Check (6, 4) 


return 7 + Check(7, 3) 


¥ 
Check(7, 3) 
n=1 


return (m + 1) + Check (m, n—1) 


3 = 1 = False 


8 + Check(8, 2 N "ha Wadi 
7+ Check(7, 3) re | i 
6 + Check (6, 4) 


return 8 + Check(8, 2) 


¥ 
Check(8, 2) 
n=1 


return (m + 1) + Check(m, n-1) 


a 


y 
Check(9, 1) 


2 = 1 = False 


return 9 + Check(9, 1) 9+ Check(9 1) 
8 + Check(8, 2 
7 + Check(7, 3) > 


6 + Check (6, 4) 


Call 6 n= 1 


1 = 1 = True 
- 9 and returns to call 5 
statement i.e., Check (9, 1) 


-9 
maa e 


return- m ; 


Call 5 


0 
8+ (0)=8 > 


return 9 + (- 9) 


returns 0 to Call 4 i.e., Check(8, 2) 


return 8 + 0 


returns 8 to Call 3 i.e., Check(7, 3) 


8 
7 + (8) =15 
6 + Check (6, 4) 


returns 15 to Call 2 i.e., Check(6, 4) i 
return 6 + 15 


returns 21 to Call 1 
21 = Ans 


return 7 +8 


~ 
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9. Consider the following function that takes two positive integer parameters x and y. Answer th 
questions based on the code below. e follow 
def compute (x, y) : 
if x>1: 
if x %y == @: 
print(y, end=' ') 
compute (int(x/y), y) 
else: 
compute (x, y + 1) 
(a) What will be printed by the function call compute (24, 2) ? 
(b) What will be printed by the function call compute (84, 2) ? 
(c) State in one line what is compute( ) trying to calculate ? 
Solution. (a) 2223 (b)2237 (c) Finding factors of x which are >= y 
Consider the following recursive function which has a base case defined and recursive case too. But when fun we 
an odd number as parameter, this always gives RecursionError. Figure out the reason and suggest the i 


ing 


10. 


def skip_prod(n): 
"""Return the product of n * (n - 2) *(n-4)*... 
ifn==0: # the base case 
return 1 


else: 
return n * skip_prod(n - 2) # recursive case 


Solution. In a recursive code, the base case should always be available and reachable too. That 
means, it must get executed for some value of the parameter passed. 
Let us consider what happens when we choose an odd number for n, e.g., 


skip_prod(3) will return 3 * skip_prod(1). 

skip_prod(1) will return 1 * skip_prod(-1). 
Here arises the problem. Since parameter decreases by 2 at a time, for odd numbers, it will 
completely miss the base case, as from 1, the value of nwill decrease to -1 completely missing n=, 
the base case ; and the function will end up recursing indefinitely. 
The solution to this case is that the values less than 1 should also be considered. Thus the co 
code may be like : (there may be other solutions as well) 

def skip_prod(n): 

Lf nce & TÁ- Now, base case is reachable for all values 
return 1 


else: 
return n * skip_prod(n - 2) 


rrected 


11. Figure out the error in the following recursive code of factorial : 
def factorial(n) : 
if n==0: 
return 1 
else: 
n* factorial(n-1) 
#__main_ 
print(factorial(4) ) 


tion. The error in above code is that the recursive case is calling function factorial( ) with a 
as value but not returning the result of the call. 


anged . . 
= corrected version will be : 
def ¢actorial(n) 3 
ifn== 9: 
return 1 
else: 
returnn * factorial(-1) 
#__main_ 
print(factorial(4) ) 


2 Why is following code printing 1 endlessly ? 


def Out_upto(n): 
j=1 
ifi>n: 
return 
else: 
print(i) 
i+=1 
Out_upto(i) 
Out_upto(4) 


Solution. The above code is printing 1 endlessly because the base case i >n is never reachable. The 
reason is that value of i becomes 1 for each call to function Out_upto( ). 


13. Write your own version of code so that the problem in previous question gets solved. 


Solution. 


def Out_upto(n): 
ifn==@: 
return 
else: 
Out_upto(n-1) 
print(n) 
#__main__ 
Out_upto(4) 
H. 


Solution. 
def sqsum(n): 
if fazl: 
return 1 


return n * n + sqsum(n - 1) 
#_ main 


N= int(input("Enter value of n :")) 
Print(sqsum(n)) 


ar 


Wri a ; : 
Vrite recursive code to compute and print sum of squares of n numbers. Value of n is passed as parameter. 


~y 
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15. Write recursive code to compute greatest common divisor of two numbers. 


Solution. 
def gcd(a,b): 
if(b==6): 
returna 
else: 
return gcd(b, a%b ) 
n1 = int(input("Enter first number: ")) 
n2 = int(input("Enter second number: ")) 
d=gcd(n1, n2) 
print("GCD of", n1, "and", n2, “is:", d) 
16. Write a Recursive function in python BinarySearch(Arr,1,R,X) to search the given element X to be Searched 
from the List Arr having R elements, where l represents lower bound and R represents the upper bound. 
[CBSE Sample Paper 2019.29) 
Solution. 
def BinarySearch (Arr, 1, R, X): 
if R>=1: 
mid =1+(R-1)//2 
if Arr[mid] = =X: 
return mid 
elif Arr[mid] > X: 
return BinarySearch(Arr, 1, mid - 1, X) 
else: 
return BinarySearch(Arr, mid+1, r, X) 
else: 
return -1 
Arr=[2, 3, 4, 10, 40] 
X = int(input(’Enter element to be searched’ )) 
result = BinarySearch(Arr, @, len(Arr)-1, X) 
if result !=-1: 
print ("Element is present at index", result) 
else: 
print ("Element is not present in array") 
17. Write a recursive code to find the sum of all elements of a list, | 
Solution. 
def sum (1, n): 
ifn==@: 
return 1[@] 
else: 
return 1[n]+sum(1, n-1) 
list1 = [10, 20, 30, 40, 59] 
size = len(list1) 
print ("Sum=", sum(list1, size -1)) 


chop!e" ; RECURSION 
ritea Recursive function r ecurfactorial(n) in Python to calculate and return the factorial of a number n 
18. passed to the parameter. (CBSE Sample Paper 2019-20] 
solution. . 
def recurfactorial(n): 
if n==1: 
returnn 
else: 
return n*recurfactorial(n-1) 
num = int(input (“Enter a number: ")) 
if num < 8: 
print("Sorry, No factorial for negative numbers") 
elif num == 0: 
print("The factorial of @ is 1") 
else: 
print("The factorial of",num,"is",recurfactorial(num) ) 
GLOSSARY 
a 
Recursion Process of calling a function from within itself. 


Recursive function A function calling itself. 
Infinite Recursion A recursive function executing endlessly. 
Base Case Preknown case of recursive function, whose solution is pre-known. 


Recursive Case. The case of recursive function which invokes the function again. 


For 


E Selective Assignment 
Assignments Solutions 


ET | 
Type A : Short Answer Questions/Conceptual Questions bee 


; Scan 
What is a recursive function ? Write one advantage of recursive functions. QR Code 


i A 

2. What is direct recursion and indirect recursion ? 

3. What are the two cases required in a recursive function ? 
4. What is base case ? 

5. What is recursive case ? 

6. 
T: 
8, 
9, 


Is i s z 
It necessary to have a base case in a recursive function ? Why/Why not ? 
What is infin: i 
at is infinite recursion ? Why does it occur ? 
How n A 
can you stop/resolve an infinite recursion ? 
Give 
i Some examples that can be represented recursively. 
* Can ae 5 
each recursive function be represented through iteration ? Give examples. 
u Which f P i P EEE TER 
of the functions given in previous question will result into infinite recursion ? 


a 
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12. Identify the base case(s) in the following recursive function 


def functioni(n) : 
ifn==@; 
return 5 
elif n == 
return 8 
elifn>@: 
return function1(n-1) + function1(n-2) 
else: 
return -1 
13. Why are recursive functions considered slower than their iterative counter 
14. [f any recursive function can be easily written using iterative code, then what is the need fo 
When would you prefer recursion over iteration and vice versa ? E recursion} 
15. Compare and contrast the use of iteration and recursion in terms of me 


parts ? 


mory space and Speed 


Type B : Application Based Questions 
1. Consider square numbers defined as follows : 
compute(1) =1 
compute(N) = compute(N-1) +2N - 1 
According to this definition, what is compute(3) ? 
(a) compute(3) = compute(2) + compute(1) 
(b) compute(3) = compute(2) - 2*3 +1 
(c) compute(3) = compute(2) + 2*3 -1 
(d) compute(3) = compute(3) +243 -1 
2. Look at compute numbers again : 


compute(1) =1 
compute(N) = compute(N-1) + 2N -1 


Which Python function below successfully implements this definition ? 


WN ~ deF compart ltt) < (b) def compute(N) : 
ifN<1: ii ee 4 - 
pit : 
al return 1 
else: iis 
else: 
aiii return compute(N - 1) +2*N-- 
(c) def compute(N) : 
ified: (d) def compute(N) : 
return 1 ifN=1: 
else: return 1 
return compute(N - 1) 429 yoy else: 
return compute( N ) 


3. Look at compute numbers one more fine: 
compute(1) =1 
compute(N) = compute(N-1) + 2N — 1 


a 


RECURSION 

goë" l 
Assume the 
stack if a 
(A) 1 
tput of following codes. 


in__ calls compute(5) ? 


(B) 3 (Cc) 5 
4. predict the ou 
def codo(n): 
if n==90: 
print( ‘Finally’ ) 
else: 
print(n) 
codo(n - 3) 
codo(15) 


(a) 


def codo(n): 
ifn==@0: 
print('Finally') 
else: 
print(n) 
codo(n - 2) 
codo(1@) 


(0) 


5, Predict the output of following code. 


def express(x, n): 
if n==0: 
return 1 
elifn%2==0: 
return express(x*x, n/2)) 
else: 
return x * express(x, n-1) 
express(2,5) 


6 


def check(n) : 
ifn<=1: 
return True 
elifn%2==@: 
return check(n/2) 
else: 
return check(n/1) 


What js 
tis the value returned by check(8) ? 
7. Can you find 
check(3), w 


a 


239 “a 


definition has been implemented correctly. How many invocations will there be on the call 


(D) 6 


(b) 


(4) 


Consider following Python function that uses recursion : 


def codo(n): 
ifn==@: 
print('Finally') 
else: 
print(n) 
codo(n - 2) 
codo(15) 


def codo(n): 
ifn ==6: 
print('Finally') 
else: 
print(n) 
codo(n - 3) 
codo(10) 


an error or problem with the above code? Think about what happens if we evaluate 
hat Output. would be produced by Python? Explain the reason(s) behind the output. 


ua 


wn 
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Consider the following Python function Fn( ), that takes an integer 1 parameter and i 
as follows : Works reon 
"ivy 


def Fn(n): y 
print(n, end=" “) 
if m&s 
return n 
else: 
return Fn(n // 2) - Fn(n // 3) 
What will be the result produced by following function calls ? 
(a) Fn(12) (b) Fn(10) (c) Fn(7) 
Figure out the problem with following code that may occur when it is run ? 
def recur(p) : 
ifp==@: 
print("##") 
else: 
recur(p) 
p=p-1 
recur(5) 


iD. Check Point 6.1 has some recursive functions that cause infinite recursion. Make changes in the 


definitions of those recursive functions so that they recur finitely and produce a proper output. 


- Write a function that takes a number and tests if it is a prime number using recursion technique. 
- Implement a function product() to multiply 2 numbers recursively using + and — operators only. 


» The hailstone sequence starting at a positive integer n is generated by following two simple rules. If nis 


even, the next number in the sequence is 1/2. If n is odd, the next number in the sequence is 3*n +1. 
Repeating this process, the hailstone sequence gets generated. Write a recursive function hailstonels) 
which prints the hailstone sequence beginning at n. Stop when the sequence reaches the number 1 (since 
otherwise, we would loop forever 1, 4, 2, 1, 4, 2, ...) 


se is 
- A happy number is a number in which the eventual sum of the square of the digits of the number ! 
equal to 1. f 
ew SSD PRON sp a oe =(1)2+(2) =1+4=9 
28 =(2)° +(8)° =4+64 =68 Example 12 =(1)° +( 
68 = (6° +(8)° =36 +64 =100 Hence, 12 is not a happy number. 


100 = (1) + (0) +(0} =1+0+0=1 
Hence, 28 is a happy number. 


‘ng W 
+ using follows 
Write a program that takes a number and checks if it is a happy number by using 


functions in it : 


saa the 
ap x, using 
sum_sq_digits : returns the sum of the square of the digits of the number + 
recursive technique aie functio? 
ishappy( ) : checks if the given number is a happy number by aaia 
syn_sq_digits and displays an appropriate message x d 
r 


. 0 
d in ascending | using 
ritin list 


p” 


A list namely Adm stores admission numbers of 100 students in it, sorte 
admission numbers. Write a program that takes an admission number and looks fo 
binary search technique. The binary search function should use recursion in it. 
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Algorithmic Efticiency 


7.1 Introduction 

7.2 What is Computational Complexity ? 

7.3 Estimating Complexity of Algorithms 

7.4 Best, Average and Worst Case Complexity 


INTRODUCTION 


An algorithm is a method or procedure for accomplishing a specific task, and which is 
sufficiently precise and that can be programmed on computer. In Computer Science, it is 
important to measure efficiency of algorithms before applying them on a large scale i.e., on 
bulk of data. The quality of an algorithm or shall we say, performance of an algorithm depends 


on many infernal and external factors. 
Internal Factors specify algorithm's efficiency in terms of: 
© Time required to run ¢ Space (or Memory) required to run. 
External Factors affect the algorithm's performance. These include : 
© Size of the input to the algorithm Speed of the computer on which it is run 
> Quality of the compiler. 


ae external factors are controllable to some extent, mainly internal factors are studied and 
s €asured in order to determine an algorithm's efficiency or we can say complexity. Complexity of 
n algorithm is determined by studying and measuring internal factors affecting the algorithm. 


= chapter is going to introduce how you can determine or measure efficiency of an algorithm 
z Aa of computational complexity. Let us begin our discussion with ‘What is computational 
mplexity 2 


a. D. 
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WHAT IS COMPUTATIONAL COMPLEXITY ? 
vity, 


- of r + 
> ity’ is made of two words : ‘Computation and’ 
The term ‘Computational complexity’ is mad Comple 
Solve t 


i ns to be solved and the algorithms i 

> i volves the problems " 
The Computation invc } nagorithms to 
trce is suffi h m, 

Ceny 


F factors ermine how 
Complexity involves the study of factors to aster o 
necessary for this algorithm to run efficiently (pertormance). 
Complexity refer N 
S to 
the deter, 


The resources generally include : l 

© The time to run the algorithm (Temporal complexity). vr alls 
the : e effici 

= The space (or the memory/storage) needed to run alaafin. eny of an 


algorithm (Space Complexity}. 
The first thing to take into account is the difference between efficiency and effectivencs. 
Effectiveness means that the algorithm carries out its intended function correctly. But efficion, 
means the algorithm should be correct with the best possible performance. And to measur, 
efficiency, we determine complexity. Complexity of an algorithm quantifies the resources 
needed as a function of the amount of data processed. 
Complexity is not the absolute measure, but rather a bounding function (called growth function) 
characterizing the behaviour of the algorithm as the size of the data set increases. It allows the 
as data size increases. 


comparison of algorithm for efficiency, and predicts their behaviour 


ESTIMATING COMPLEXITY OF ALGORITHMS 

As mentioned, algorithms are usually compared along two dimensions : amount of space (that 

is memory) used and the time taken. Of the two, the time taken is usually considered the more 
is to compare different algorithms and use 


NJ 
(S9) 


important. The motivation to study time complexity 
the one that is the most efficient in a particular situation. 
Actual run time on a particular computer (external factors) is not a good basis for comparison 

speed of the computer, the total amount of RAM in the 
system and the quality of the compiler used. So we need a 
time complexity of algorithms. 


a program (for a given input) is the number of 
aber is computed with respect to 


since it depends heavily on the 

computer, the OS running on the 
more abstract way to compare the 
Informally, we can define time complexity of 


elementary instructions that this program executes. This nun 


the size 7 of the input data. 


7.3.1 Big-O Notation 
. — an ines the 
The Big-O notation is used to depict an algorithm's growth rate. The growth rate detei pues 
algorithm's performance when its input size grows. Through big-O, the upper bound oi : 
algorithm's performance is specified e.g., if we say an algorithm takes O(17) time ; this mean 
a - J, 
ask taking at the most N2 steps for input size N 


: 5 
. orithm> 
paring the performance of two or more alg 


that this algorithm will carry Out its t 
Jexity 

Ta, : , - one has comp 
gorithms for solving a problem ; 0 ș neede? 


The Big-O notation is very useful for com 
For instance, if we say that we have two al 
O(n?) and the other has complexity O(2" 
to solve the problem for different sizes as depicted in following table : 


). We can now, compare the number of step 


1. "hese days, for web specific algorithms, Network Trapp may also be considered 


r 


F ALGORITHMIC EFFICIENCY ; z 
chaple" 7 : IDEA © : 293 ETa 
< 
umber of Steps for O(n?) and O 


comparing N 


SizeN | a 


J 


thet 100° gr 400 
10000 160000 
; 1.26x10" | Very Big... 


More the number of steps, more is the time taken and lesser is the performance. As for N =100, 
(from the above lable) the time t 


: è oe aken by an algorithm with O(2") is 1.26x 10% compared to 
algorithm with O(N ) which is 10000. As 1.26 x 10% is way more than 10000 i.e., 10°. Thus, you 
can say that performance of algorithms is inversely propor- : 
tional to the wall clock time it records for a given input size. | NSO ie eta sees 
Size O(2")'s 1.26x 10% >>O(N*Y's_ 10°. O(N?) is better estermsnce of algorithms is. 
algorithm than O(2") algorithm as it clocks lesser time ‘inversely proportional to the wail 
comparatively. It other words, we can say that the algorithm ‘clock time it records for a given 
with complexity O(n”) is better than the algorithm with — inputsize. Programs with a bigger O 
complexity O(2") for solving the same problem. fealue cai oleae tnen) programs 
‘with a smaller O value. 

Dominant Term i 


Big-O notation indicates the growth rate. It is the class of mathematical formula that best 
describes an algorithm’s performance, and is discovered by looking inside the algorithm. 


Big-O is a function with parameter N, where N is usually the size of the input to the algorithm. 
More the input size, more impact it can have on the growth rate of the algorithm. However, 
while describing the growth rate of an algorithm, we simply consider the term, which is going 
to affect the most on the algorithm’s performance. This term is known as the dominant term. | 


For example, if an algorithm depending on the value 1 has performance an? + bn +c (for 
constants a, b, c) then we can say that the maximum impact on the algorithm’s performance will 
be of the term an*. So while describing the complexity of the algorithm, we can ignore the rest 
of the terms and simply say that the algorithm has performance O(N*). In other words, for 
large N, the N? term dominates. Only the dominant term is included in big-O. 


Some Growth rates of algorithms are as shown in following table : 


Time complexity Example 
oa) constant Adding to the front of a list 
O(log N) log Finding an entry in a sorted array 
ON) linear Finding an entry in an unsorted array 
O(N log N) nlogn Sorting 1 items by ‘divide-and-conquer’ 
OWN”) quadratic Bubble sort, Insertion sort 
O(N?) cubic ` Simultaneous linear equations us 
02) exponential _ The Towers of Hanoi problem — -% 
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7.3.2 Guidelines for Computing Complexity i 
After talking about some basic terms, let us now discuss how you can actual] 
complexity of an algorithm. 
| The basic steps for computing complexity of an algorithm are : 


1. Select the computational resource you want to measure. Normal] 
options : time and memory. But other studies can be undertaken like, e, Si Netw 
But here, we are mainly interested in measuring time complexity, ork 


2. Look to the algorithm and pay attention to loops or recursion, Try to See th 
and conditions that make the algorithm work more or less. Sometimes it's e Va ab 
Some times several. This is going to be our size of input. Remember 3 
complexity analysis, we are interested in getting a function that relates the 


t With 
with the computational resource. 


f input 

3. Once we have the size of input of the algorithm, try to see if ther = 
inside it, such as when the algorithm gives best performance i.e., takes shortest nt ca 
time (best case); when the algorithm gives worst performance i.e., takes Bing 
possible time (worst case); and when the algorithm performs in betw mum | 


à een the two cases j 
performs better than the worst case but does not give best performance (average a 
e). 


€ are diffe 


Calculating Complexity 


Five guidelines for finding out the time complexity of a piece of code are: 
steps take precisely same time to execute.) 


© Loops 
© Nested loops | 


> Consecutive statements 


(Assumption: Al 


> If-then-else statements 


> Logarithmic complexity 
1. Loops 


The running time of a loop is, at most, equal to the running time of the statements inside the 


loop (including tests) multiplied by the number of iterations. For instance, consider the 
following loop : 


for i in range(n) : 


m=m+2 t—_ All the steps in this loop take 
constant time, say c 


Loop executed n times aa E Tosee | 


loops complexty | 
A s 
aga 
So, the total time taken by the above banie | = 

geen 

~~ Scan 


. QR Code 
Time taken by Total Time taken by 
one step 


the loop to execute 
all its steps 


ae 


Totaltime=c*n=cn i.e., O(n) 


No of steps in the loop 


onditio" 
In a loop executing N times, the body of the loop gets executed N -1 times, the ¢ 


evaluates to false and loop terminates without executing the body. 


p” 


—, 
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| 
cropt? 
sted lo iv onl dl wee To see 
npute complexity of nested loops, analyze inside out. For nested SS 
To co! Sal running time is the product of the sizes of all the loops. ; 
S, . 
par consider the following code : grze 
nce 
for instan” TE Ei 
for i in range(n) : rey 
Outer loop 
executes n for j in range(n): aces 
times K=K4+1.. — Inner loop executes times 


S All these steps take constant time. say € 


So the total time taken by the above shown nested loops to execute is : 
o 


Total time=c*n* n = cn? 


i.e., O(n’) 


Total Time taken by 
Time taken by one step the nested loops to 


execute all steps 
No of steps in the outer loop 


No of steps in the inner loop 


3, Consecutive statements 


To compute the complexity of consecutive statements, simply add the time complexities of each 
statement. For instance, 


=X+ A 
xal takes constant time, say Co 


for i in range (n): 


— loop! executes n times 


To see 
m=m+2 


takes constant times say Q 

Anh" 
ji : ERATI 
Outer loop for j in range (n): AT: 
executes n s rah 
times for k in range (n): RES as 


a=za+1 — inner loop executes n times Scan 


QR Code 


takes constant time, say C3 
So the total time taken by the above shown code to execute is : 


Total time=ce+cn+cn? i.e., On’) 


Time taken by statement1 4 


Considering only the dominant 


term which is n? 
Time taken by loop1 


Time taken by nested loop 


Simple programs can be analyzed by counting the nested if i 
loops of the program. A single loop over n items yields ie 
f(n)=n. A loop within a loop yields f(n)= n>. A loop i 
within another loop inside a third loop yields f (n) =n?. 


—y 
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‘4. If-then-else statements 
To compute time complexity of if-then-else statement, we consider Worst-case y 
which means, we consider the time taken by the test, plus time taken by ei ther the th ng time 
en Pa n 


the else part (whichever is larger). or 
For instance, consider the following code : 


if len(list 1) !=len(list2): | 
-i a The true part's step takes constant i : 
Saye, 


Comparison test takes return False 
constant time say Cy 


‘else: 


for iinrange(n) : go ee — Test condition takes Constant time 
sa e 


Loop repeats n times a. if listif[i] !=list2[i]: | 


a return False <——— Takes constant time say c, 


The else part has a loop (n times) which 
in total takes times as (c, +03) *n 


To se E 
if-else. So the total time taken by the above shown code to execute is : 
complexity 
f Total time = Ce + Cı + (C2 + C3) * n t.e., O(N) 


Time taken by test a ideri 
ği y te. t Considering only the dominant 


term which is N. | 
Time taken by then part | 


Time taken by else part 


5 L imie -C lexi Given a series of for loops that are 
- Logarithmic omplexity sequential, the slowest of them 


The logarithmic complexity means that an algorithms’ determines the asymptotic behavior 
of the program. Two nested loops 


performance time has logarithmic factor e.g. an algorithm is towed by a singte: tath LAN 
spe . e olowe y a singie r 
O(log N) if it takes a constant time to cut the problem size bya totically the same as the nested 


fraction (usually by 1). loops alone, because the nested 


. , : A ki i i loop. 
An example algorithm having logarithmic complexity is  !00ps dominate the simple loop 


binary search algorithm. 


ff 
But, the best performance isn’t always desirable. There can be a tradeo 
To see between : 
logarithmic 
_ complexity © Ease of understanding, writing and debugging 
fel [a] © Efficient use of time and space 
MAb jughi 
i +c stillu 
pietat So, maximum performance is not always desirable. However, it 15 stil timal 
Ge : o 
Scan to compare the performance of different algorithms, even if the Op 
IR Code algorithm may not be adopted. 


p 


— 


a function analyze each statement in the function. The statement that has the greatest complexity 


ze : 
To p the order of the function. Some helpful rules are being given for your reference : 
dete 


1, simple statements such as assignment statements are O(1), since their execution time is not dependent on the 


„mount of data. The exception would be assigning one array’s elements to another which would be O(n), 
where n represents the size of the array. 

9, The running time for a function call is just the running time for the function’s body, plus the time to set up 

, the parameters. Setting up the parameters is O(1), unless a large structure is passed as a value parameter, 1n 
which case that structure must be copied into the parameter which is O(n). 

3, “Jn an if/else statement, the test (which is usually O(1)) and one of the conditional statements are executed. 
Since you generally cannot determine the result of the test ahead of time, you should assume the worst case, 
ie., the maximum time and thus the running time of the if/else will be the sum of the running time of the test 
and the running time of the worst-case statement.” 

4, Addition Rule “You can combine sequences of statements by using the addition rule, which states that the 
running time of a sequence of statements is just the maximum of the running times of each individual 


statement.” 
5, Multiplication Rule This is used to determine the running time for a loop. “You need to determine the 


running time for the loop’s body and the number of times the loop iterates. Frequently you can just multiply 
the running time of the body by the number of iterations.” 


74 BEST, AVERAGE AND WORST CASE COMPLEXITY 


We have discussed in the previous section that we can count how many steps our algorithm will 
take on any given input instance by simply executing it on the given input. However, to really 
understand how good or bad an algorithm is, we must know how it works over all instances, 
which means : 


© the best possible performance of the algorithm (best case) 
the worst possible performance of the algorithm (worst case) 


© the average performance of the algorithm (average case) 


To understand the notions of the best, worst, 
and average-case complexity, one must think 
about running an algorithm on all possible 
Instances of data that can be fed to it. For the 
Problem of sorting, the set of possible input 
stances consists of all the possible 
arrangements of all the possible numbers of 
ap We can represent every input instance 
Pis A on a graph, where the x-axis is the 
; le problem (for sorting, the number of 


Worst 
Case 


Average 
Case 


No. of steps taken —> 


Ite Map i 
iia to sort) and the y-axis is the number of Input size —> ital 
a taken by the algorithm on this instance. ; 
re we assume, quite reasonably, that it Figure 7.1 Best, worst, and average-case complexity. 


a 
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doesn’t matter what the values of the keys are, just how many of them there are and ho 
ordered. It should not take longer to sort 1,000 English names than it does to sort 1 mee ate 
names, for example. Oe Freng 
Once we have these points, we can define three different functions over them - 


The worst-case complexity of the algorithm is the function defined b 
number of steps taken on any instance of size n. It represents the curve 
the highest point of each column. 


y the Maxim . 
Passing through 
© The best-case complexity of the algorithm is the function defined by the minimum ny 


of steps taken on any instance of size n. It represents the curve passing through the |g ber 
point of each column. West 


© Finally, the average-case complexity of the algorithm is the function defined by the aver 
number of steps taken on any instance of size n. age 


In practice, the most useful of these three measures proves to be the worst-case complexity, which 
many people find counterintuitive. Worst case 


¢ Provides an upper bound on running time of an algorithm. 


¢ An absolute guarantee that no matter what, this algorithm won't take time more than this 
time. 


Let us understand the efficiency calculation in terms of complexity by taking up two different 
programs for the same problem. 


Example 7.1 Determine the complexity of a program that checks if a number n is prime. 


Solution. 


Option 1 : (Linear approach for prime test) 


# check whether n is a prime or not using the linear approach 
n=int(input("Enter a number :")) «———————————— Constant time co 


# prime flag @ indicates that n is a prime and the value 1 indicates that it is not a prime 


prime_flag=@ «————-_____ Constant time ¢, 


for i inrange(2, n): Constant time cy 


SF if n%i==0: #ifiisa factor ofn, nis not a prime 


prime_flag=1 


4— Constant time c; 
break 


if not prime_flag : <———_______ Constant time c, (checks if prime_flag is true) 


print(n, "is a prime number") «_ 
else: 


print(n, "is not a prime number") . _ 
“> Constant time ce 


~ Constant time cs 


— 
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chopler 
Total time taken by option 1 (the linear approach) 

= Co $C, +(C +63)n + (cy +Cs +C) 

=C +C (Co = Co + C1 + Cy +05 +06, Cy = +c) 


=O(n) considering the dominant term, which is z. 


option 2: (JN approach for prime test) 
#check whether n is a prime or not using the sqrt n approach 


n= int(input("Enter a number :")) <——___ Constant time Cy 


#check whether n is a prime or not using the sqrt n approach 


prime_flag =@ <———__________ Constant time G 
i=2 < Constant time c, 
Condition takes constant time c; 
ae —— 
„~ while (i* i <=n): # notice that if n does not have a factor less that sqrt n, it will 


Loop # never have a factor between 2 andn - 1 
repeats 


Ñ ti if n%i==0: Ai 
meer Constant time c4 
rime_flag =1 
i A o ae Constant time c 


5 


print(n, “is a prime number" 


) —S—— Constant time co 


else: 


print(n, "is nota prime number" ) SS es Constant time Go 
Total time taken for option 2 (VN approach) 


=p +O, +0, +VN(c3 + Cy +C5 + Cg +C7) Cg +Cg + Cio 

= Ci F JNC, 

=C; +C, VN [C] = Co +61 +C +Cg + Cy +Cio, Co =C +C +C5 +C +6, + Cg] 
=0O(VN) Considering the dominant term. 


Comparing complexity of option 1 and option 2, we can say that option 2 is better as JN<N. 


Example 7.2 Determine the complexity of a program thats searches for an element in an array. 
Solution. 


Opti 2 
Plion 1 ; (Linear search) 
def linearSearch(arr, x) : 
i=@e@ 


| Constant time Co 
n= len(arr) 


———s 


D 
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oo Constant time cy ~X 
a 
i i l= : 
Looprepeas \While( i<n and x!=arr[i] ) 
maximum Pie a Constant time G 
n times N, l=i+l 
a S Constant time c3 
if i < ms @— Constant time oy 
return i # Element x found at index i <—__ oe 
` time ¢ 
5 
else: 
return None # element x not found <a, ‘pi 
s TA 
Total time taken by option 1 (the linear search) 
Total time taken =C) +1(c, +C, +63) + Cy +05 +C 
= Cg +Cy +C5 +C +N(Ci +C +6) 
=C +C; [Co = Co +C +65 +06, CEHO +e] 
=0(n) considering the dominant term. 
Option 2 : (binary search) 
def binsearch(ar, key) : a aia N E A 
HAST TI : E 0 
low=0 Á #initialy low end is at @ 
high = len(ar) -1 # initialy high end is at size-1 
ES no aa S ene Constant time q 
i = high » 4——— Constant time c. 
Loop repeats while low <= high : 2 
c N ti - : « i “ 
= log, times mid = int((low+high) / 2) «—— Constant time c; 
CAUSE every time 
segment becomes if key == ar[mid] : 4 Constant time c, 
half in size N A 
(explanation return mid <—— Constant time c; 
below, f 
eow) Sa elif key <ar[mid] :<—— Constant time ce 
high =mid - 1 <—— Constant time c 
else: 
low =mid +1 “<—— Constant time cg 
else: # loop’s else; reaches here when key not matched 


return None <—— Constant time cg 


Total time taken by option 2 (the binary search) 


Total time taken =c) +c +log, n (cq +63 +c, +05 +04 +C7 +g) + Cy 


= =C 
=Cy +log, nC, (Co +C] + Cy =Cy +C +C3 +C +C +C +C t% J 


= O(log, n) considering the dominant term. 


_ 
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chop!“ i 
Times above While Loop Execuies 
n H . 

iow while loop of above given binary search algorithm executes how many times ? To 
et rmine this you need to answer the question : 
dete , a , 

How many times can you divide N by 2 until you have 1 ? This is because in binary search, 

the search segmenl’s size begins with N and reduces by half in every iteration and stops 

when the search segment’s size reduces to 1 element. 
so if loop repeals k times (until the segment reduces to size 1), then in a formula this would 


be: : 
N/2* =1 


2 =N 
‘Taking the log on both sides : 
log »(2") = log, N 
k * log»(2) = log, N 
k*1= log, N 
k= log, N 


This means you can divide log N times until you have everything divided. That means the above 
loop repeats at max log N times. 


Comparing complexity of option 1 and option 2, we can say that option 2 is better as log, N< N. 


With this, we have come to the end of our chapter. Let us quickly revise what we have learnt so far. 


| 
| 

Wi 

LET US REVISE i 
| | 


& An algorithm is a sufficiently precise method or procedure for accomplishing a specific task, which can be 


programmed on computer. 


PP & 


Complexity can be related to time (temporal complexity) or to space (space complexity). 


Big-O notation is used to depict an algorithm’s growth rate i.e., change in algorithm performance when its input size 


aa 

We 
Complexity refers to the determination of the performance of an algorithm. Hil 

| 

} 

i 
grows. Í 


Dominant term is the one which affects the most, an algorithm’s performance. fiis 
Only the dominant term is included in Big-O notation. 


PR PP PR 


Average-Case complexity provides expected running performance. 
t Best-Case complexity provides the time of optimal performance. 


C )biective Type Questions i 


m O TO s 


t 
i 
The Worst case complexity provides an upper-bound on running performance. | 


i . 
Multiple Choice Questions 


l. Ani ime i 
An input that results in the shortest execution time is called the 
(a) best-case input 


(b) worst-case input 
(c) average-case input (d) None of these 


` ia 
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For a sorted list of 1024 elements, a binary search takes at most __ comp 


arisons, Note 
check whether an element is greater than, equal to, or less than the other ele 


that to 


; Ment is Considera 
one comparison here. as 
(7) 11 (b) 100 (c) 512 (d) 6 
3. O(1) Bo 3} 
(a) constant time (b) logarithmic time 
{c) linear time (d) log-linear time 


4. Algorithm efficiency is estimated to 
(a) Determine the exact execution time 
(b) Calculate the approximate execution time 
(c) Determine the growth function with input size 
(d) All of these 


5. On the best case, linear search searches 

(a) the whole list (b) half of the list 

(c) just one element in the list (d) one fourth of the list 
6. On the worst case, linear search searches 

(a) the whole list (b) half of the list 

(c) just one element in the list (d) one fourth of the list 
7. Onan average, linear search searches 

(a) the whole list (b) half of the list 

(c) just one element in the list (d) one fourth of the list 


Worst Case efficiency means that 
(a) The highest execution time of the algorithm 
(b) It tells that the algorithm will never be slower than the worst case. 
(c) It estimates the worst execution time the algorithm may take. 
(d) None of these 
9. Best Case efficiency means that 
(a) The fastest possible case of the algorithm 
(b) It tells that the algorithm will never be slower than the worst case. 
(c) It estimates the best execution time the algorithm may take. 
(d) None of these 
10. Average Case efficiency means that 
(a) The fastest possible case of the algorithm 
(b) It tells that the algorithm will never be slower than the worst case. 


(c) Most probable cases of the algorithm will perform like this 
(d) None of these 


Fill in the Blanks 


1. The measure of the efficiency of an algorithm is called algorithm’s computational _—— ° 


yee ; Q notation 
2. Programs with a bigger O notation value run 


than programs with a smaller 
value. 


p” 


> l 
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or" 


term affects the most, an algorithm's performance 


term is included in Big-O notation. 


v's performance cannot be slower th 


An algorithn an its 


|; 

Í 

Po g ayiee 

| : 

| 

| re 
> QWESHONS 

fuel! alst ail 

| á ` E~ : . x : . 

| `, plexity gives the running 0 

| | Best-Case Com} YB g time of an 


>, Worst-C 


algorithm in case of optimal performance. 


“ase Complexity gives lower bound on running time of 


an algorithm, 
Algorithmic efficiency gives exact measure of execution time. 

y ; 

L Big-O notation is determined after excluding the dominant term. li; 


Growth function determines how an algorithm will perform with the increase in its input size. 


oll : Answers for OTQs are given at the end of the book. 


Solved Problems 


|. Define Big ‘O° notation. State the two factors which determine the complexity of an algorithm. 


Soluton Big O notation is a particular tool for assessing algorithm efficiency. It describes the 
performance or complexity of an algorithm dented via Big O, e.g., O(1), O(N), O(N log N) etc. i ; 
Performance of an algorithm depends on many internal and external factors. i 
Internal Factors specify algorithm's efficiency in terms of : 
Time required to run 
Space (or Memory) required to run. 
External Factors affect the algorithm's performance. These include : 
Size of the input to the algorithm 
Speed of the computer on which it is run j 
© Quality of the compiler. j 


3 


Consider the followin 8 three algorithms for determinin g whether anyone in the room has the same birthday as i 
you. 


Algorithm 1 : You say your birthday, and ask whether anyone in the room has the same 
birthday. If anyone does have the same birthday, they answer yes. 


Algorithm 2: You tell the second person your birthday and ask whether they have the same 
birthday ; and so forth, for each person in the room. 


Algorithm 3: You only ask questions of person 1, who only asks questions of person 2, who only 
asks questions of person 3, etc. You tell person 1 your birthday, and ask if they 
have the same birthday; if they say no, you ask them to find out about person 2, 
Person 1 asks person 2 and tells you the answer. If it is no, you ask person 1 to find 
out about person 3. Person 1 asks person 2 to find out about person 3, ete. 


(Ò What is the factor that can affect the number of questions asked (the “problem size”) ? 
(i) In the worst case, how many questions will be asked for each of the three algorithms ? 


( 


tii) For each algorithm, say whether it is constant, linear, or quadratic in the problem size in the worst case. 


a 
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Solution. 

(i) The problem size is the number of people in the room. 

(ii) Assume there are N people in'the room. In algorithm 1 you always ask 4 insu 
algorithm 2, the worst case is if no one has your birthday. Here you have to ask ee 
to figure this out. This means you have to ask N questions. In algorithm 3, the ae Perso 
the same as algorithm 2. The number of questions is 1+2 +3 +.. +N- 1+N This Case ig 
N(N+1)/2, using formula for sum of first N natural numbers. S sum is 


(iii) Given the number of questions you can see that algorithm 1 is const 


‘abe constant time, algorithm > 
linear time, and algorithm 3 is quadratic time in the problem size. 2is 


Distinguish between worst-case and best case complexity of an algorithm. 
Solution. The worst-case complexity of the algorithm is the function defined b 
of steps taken on any instance of size n. It represents the curve passing thr 
each column. 

The best-case complexity of the algorithm is the function defined by the minimum r 
on any instance of size 1. It represents the curve passing through the lowest poi 


y the maximum 


nun 
ough the highest - 


Point of 


Number of Steps taken 
nt of each column, 

(i) Give the meaning of the following common expression in Big O notation : O(N); O(N? ) 

(ii) List any two cases to analyse algorithm complexities. 

Solution. (1) O(N) describes an algorithm whose performance will 


grow linearly and in direct 
proportion to the size of the input data set. 


O(N?) represents an algorithm whose performance is directly proportional to the Square of the size 
of the input data set. This is common with algorithms that involve nested iterations over the data set. 


(ii) The efficiency of an algorithm is determined through algorithm complexity. Tw 
to analyse algorithm complexities are : 


® Sorting algorithms ® Searching Algorithms 


O common cases 


What is the worst case complexity of the following code fragment ? 
1. foriinrange(n) : 


2: a=i+(i+1) 
3; print(a) 
4. for jinrange(m): 
5. b=i* (i+1) 
6. print(b) 


Solution. Time taken in the execution of given code : 
for i inrange(n) : 
aop. ei ras a=i+(i+1) ————— takes constant time Co 
print(a) ———— takes constant time q 


hop 2 répetit for j inrange(m) : 


imes =i1¥* (i ‘ 
m times b=i* (i+1) ———. lukes constant time c3 
rint(b , 
p ( ) SS lakes constant tinie c 


Total time taken =n* (cy +c) + * (c + c3) 


=nC, + mC, IC} =q+q, CG =o +63] 
=O(n+m) 
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croole! 


what is He worst-case complexity of the following code fragment having a nested loop followed by a sing! 


oop ! . 
Nor tin range(n) : 


for jin range(n): fe 
sequence of statements i 


for kin range(n): E 
sequence of statements 


Solution Time taken in the execution of given code : 
r . 


our OP. g for i in range(n) : i 

peas il fyi 
for j in range(n) : 

aner loop _ ee 

" sequence of statements «———__ Take up constant time say Cy 


„ts n times 
repeats n 


loop 3 repeats for k in range(n) : 


n times sequence of statements Take up constant time say G 


Total time taken = * (n+ Co) + nC; 
= Con? +Cyn 
=(O(n") considering the dominant term only. 


7. (a) What is the worst case complexity of the following code fragment ? 


for x inrange(a): 
statements 


pitt 
for y in range(b): Heat 
for z inrange(c): | 
statements | 


(b) How would the complexity change ifall the three loops repeated N times instead ofa, band c times respectively ? 
wë p 
Solution. Assuming that each statement has O(1) complexity, then : (a) O(a + be) (b) ON?) fenoli 


8. Compute the complexity of following algorithm (it is not written in any programming language) : 


# Finding the largest and second largest elements of a list i 
#1. Find the largest element by scanning from left to right i ti 
#2. Go back through the list and find the second largest element. j 


bigl(array a of integers) : 
max1 < a, i 
for i e2 ton do i! 
if a; > max1 then max1 < aj 
if max1 = a; then max2 < a2 
else max2 & a, 
for i <+ 2 to n do 
if (a; > max2 and a; # max1) then 
max2 < aj 
return(max1, max2) 


Solution. Analysing the given code. 


maxl + al 
for i«2tondo 
if ai > max1 then maxl & ai 
if max1 = a, then max2 < a; 
else max2 & a 
for i« 2 to n do 


if (a, > max2 and a; # max1) then 2 comparisons and 1 assi 
i 


max2 < aj 


return(max1, max2) 
This gives us the following totals : 


Total number of comparisons 
n-1 first for loop 


1 if statement 
2n-2 second for loop 
3n-2 


1 assignment 
n-1 iterations 
1 assignment and one com 
1 assignment and one ‘Spe 
ariso 
n 


n - 1 iterations 


Tota Enment 
1 for loop 2(n ~ 1) compa Sach tip, 
at most n - 1 assignments risons and 


0(1)-constant complexity 


Number of assignments 
lt+n- 1+l+n-1=2p 


n 
For the first for loop, we have J, 1=n-1 and in the second we have f 2 =2 (n-1) 


i=2 


That is n-1+2(n-1)=3(n-1)=0 (n). 


i=2 


9. (i) Reorder the following efficiencies from the smallest to the largest : 


(a) 2” (b) n! (c) n? 


(d) 10,000 (e) nloga(n) 


(ii) Reorder the following efficiencies from the smallest to the largest : 


(a) nloga(n)  (b)n+ wn (0) 2f 


Solution. 
(a) 10,000 <n log, (1) <n? <2" <n! 


(b) 24 <n” <nloga(n)<n+n° +n? 


10. Calculate the run-time efficiency of the following program segment : 


i=1 
whilei<=n: 
j=1 
while j <=n: 
k=1 
while k<=n: 
print(i, j, k) 
k=k+1 
j=j+1 
i=i+1 


(d) nos 


T 1 is 
so run-time efficient) 


Solution. There are three nested loops, each loop is executed in n times, | 


nx nx n=n? 


— 
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cope À i 
calculate the run time efficiency of the following program segments. 
(a) ifthe function dolt has an (b) If the efficiency of the (c) If the efficiency of the algo- 
efficiency factor of 5n. algorithm dolt can be rithm dolt can be expressed 
expressed as On) = n°. as On) = n 
i=1 N 
whilei<=n : i=1 i=1 
dort(--+) while i<=n: whilei<n: 
bal +2 j=1 doIt(...) 
whilej<n: f= i*a 
doIt(...) 
j=jtl 
i=i+1 
Solution. 


(a) Function dolt is executed in times, so the run-time efficiency is 5n ie, O(n ). 


(b) The iteration of variable i is executed in n times while the iteration of variable j is executed in 


n-1 times. Therefore, the run-time efficiency is 


nx(n-1)x n? =n) -n° =n’) 


(c) The function dolt is executed inside a logarithmic loop (notice i is updated as i=i*2 i.e., 


i doubles every time), with size n, so the run time efficiency of the program is : 


logs (1)x n? =O(n" log, n) 


(a) Given that the efficiency of an algorithm is 5n’, ifa step in this algorithm takes 1 nanosecond ( 107°), how 


long does it take the algorithm to process an input of size 1000 2 
(b) Given that the efficiency of an algorithm is n°, if a step in this algorithm takes 1 nanosecond 107°), how 
long does it take the algorithm to process an input of size 1000 ? 


(c) Given that the efficiency of an algorithm is 5nlog, (n) if a step in this algorithm takes 1 nanosecond 
(10°), how long does it take the algorithm to process an input of size 1000 ? 


Solution. 

(a) Given size is n =1000, hence the time taken is : 5x 1000? x10? =5ms 

(b) Given size is n=1000, hence the time taken is : 1000 x10? =1s 

(c) Given size is n=1000, hence the time taken is : 5x1000x log,(1000)x 107° = US. 


[Recall that 107° is milli (m); 10~° is micro (p); 107° is nano (n) ; 107% is pico (p) J 


GLOSSARY 


ree 


Algorithm 
Average-Case 
Complexity 
Best-Case 
Complexity 
Complexity 
Worst-Case 
Complexity 


Sufficiency finite and precise method for accomplishing o task. 


Expected running behaviour of an algorithm. 
Running behaviour of an algorithm in cose of optimal performance. 


Determination of an algorithm’s performance. 


Upper bound on running behaviour of an algorithm. 


Type 


1. 
2 
3. 
4, 
5. 
6 


. What is computational complexity ? 


. What do you understand by best-case, worst-case and average case comple 


. Reorder the following efficiencies from the smallest to the largest : 


COMPUTER SCIE 
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A : Short Answer Questions/Conceptual Questions 


What is an algorithm? What do you understand by algorithm performance ? 


Which factors affect an algorithm's performance ? 
What are different types of complexities that are considered ? 
What do you understand by Big-O notation? What is its significance ? 


considered ? 
Determine the big-O notation for the following calculated complexity : 
(a) 5n? +r” (b) 6log,(11)+9n (c) 3n? + nlogs(1) (d) 5n? + 3/2 


ek When are th 
ey 


. Reorder the following efficiencies from the smallest to the largest : 


(a) 2" (b) n! (o) n? (d) 10,000 (e) n log, (n) 


(a) nlog, (1) (b) n+ n? +n? (c) 24 (d) n°® 


. Determine the big-O notation for the following : 


(a) 50? +n? (b) 6log (n)+9n (3n? +nloga(n) (d) 51? +n”? 


. Given that the efficiency of an algorithm is 5n?, if a step in this algorithm takes 1 nanosecond (i079) 


how long does it take the algorithm to process an input of size 1000 ? 


. Given that the efficiency of an algorithm is 1°, if a step in this algorithm takes 1 nanosecond (107°), how 


long does it take the algorithm to process an input of size 1000 ? 


Given that the efficiency of an algorithm is 5r log,(1), if a step in this algorithm takes 1 nanosecond 
(107°), how long does it take the algorithm to process an input of size 1000 ? 


B : Application Based Questions 


. Calculate the run-time efficiency of the following program segment : 


i=1 

while i <=n : 
print (i) 
i=i+1 


Calculate the run-time efficiency of the following program segment : 


fel 
while i <=n : 
j=1 
while j <= n : 
k=1 
while k <= n : 
print(i, j, k) 
k=k+1 
j=j+1 
i=i+1 


. 


caplet! 


3. 


4. 


9. 


. Given a list A of appropriate size, what is the complexity of following code in terms of n ? 


. Given three lists A, B, C of appropriate sizes, what is the complexity of following code in terms of n, m 


- Given integer variable x and a list A of appropriate size, what is the complexity of following code in 
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if the function dolt( ) has an efficiency factor of 5n, calculate the run time efficiency of the following program segment. 
i= 


1 
while i <=n: 
doIt(n) 
i=i+1 
if the efficiency of the function dolt( ) can be expressed as O(n) =1° 


, calculate the efficiency of the following 
program segment. ss aed 


g=1 
while i<=n: 
j=l 
while j <n: 
doIt(p) 
j=j+1 
i=i+i 


If the efficiency of the function dolt( ) can be expressed as O(n)=n*, calculate the efficiency of the following 
program segment. 


s i 

whilei<n: 
doIt(m) 
i= a 2 


i=xe=n 

while i>@: 
1 =o 21: 
x += AL i] 


and p? 
for in in range(n): 
for k in range(p) : 
x=@ 
for j in range(m) : 
x += A[i] * B[k] 


terms of n ? 


p=-1 
q=n 
whilep+1<q: 
m= (p+q)/2 
if A[m] <x: lid 
p=m Hat il 
else : | 
q=m 
Given a list A of appropriate size, what is the complexity of following code in terms of n ? 
m= A[Q] 
for i in range(n) : 
if Aļi] >m: Hye alii 
m= Ai] Wed ah 
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k=@ 
for iin range(n) : 
if A[i] ==m: 
k=k+1 


10. Given a list A of appropriate size, what is the complexity of following code in term 


S Of 12 
for Lin range(n-1, @, -1) : 


x = A[I] 
A[I] = Ae] 
p=0 
while True : 
c=2* pti 
ifco=I1: 
break 
ifc != 1-1 and Alc] < A[c +1] : i 
c=c+1 
if x >= Alc] : 
break 
A[p] = Afc] 
p=c 
A[p] =x 
11. Given a list A of appropriate size, what is the complexity in terms of n ? 
i=x=n 
whilei>e: 
i=i-1 
X=xX+A[i] 
12. Given integer variable x and a list A of appropriate size, what is the complexity of following code in 
terms of n? 
p=-1 
q=n 


while (p +1) < q: 
m= (p+q)/2 
if A[m] <x: 


p=m 
else : # assigning other value 
q=m 
13. Given a list A of appropriate size, what is the complexity in terms of n ? 
m = A[@] 


for I in range(n) : 
if A[i]>m: 


m= A[i] 
k=0 
foriin range(n ): 
if A[i] == m : 
k=k+1 


14. What is the time complexity of following algorithms ? 
(i) Insertion Sort (ii) Binary search (iii) linear search ? 
15. Based on the complexity analysis, 


which Sorting algorithm is more efficient and why ? 
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8.1 


8.2 


8.1 Introduction a5- neapeiee 
8.2 Elementary Data Representation 8.6 Linear Lists Data Structures 
8.3 Different Data Structures 8.7 Nested/Two Dimensional Lists in Python 


8.4 Operations on Data Structures 


INTRODUCTION 


The computer system is used essentially as data manipulation system where ‘Data’ are very 
important thing for it. The data can be referred to in many ways viz. data, data items, data 
Structures etc. The data being an active participant in the organizations’ operations and 
planning, data are aggregated and summarized in various meaningful ways to form 
information. The data must be represented, stored, organized, processed and managed so as to support 
the user environment. All these factors very much depend upon the way data are aggregated. 
The Data structures are an effective and reliable way to achieve this. 


First part of this chapter introduces data structures, basic terminology used for them, and 
different commonly used data structures. 


The second part of this chapter talks about list data structures. You have learnt about list data 
type in your previous class, but here you shall see them in data structure avatar. 


ELEMENTARY DATA REPRESENTATION NDATASTRE 


DATA STRUC i 

Elementary representation of data can be in forms of raw data, data A Data Structure is a named 
item, data structures group of data of different data 
: types which is stored in a specific 
© Raw data are raw facts. These are simply values or set of values. way and can be processed as a 
Data item > it of values of certain type. single unit. A data structure has 
represents single umiko YP well-defined operations, beha- 

Data items are used as per their associated data types. viour and properties. 


D a 


CE with 
PYT 


: : ; `X 
While designing data structures, one must determine the logical picture of t} i 


- le data A 
program, choose the representation of the data, and develop the operations that Will be ‘ Partio 
` aPplieg, | 
0 
Data Type vs. Data Structure n. 
A Data type defines a set of values along with well-defined Operations stating its į 
behaviour e.g, you cannot put decimal point in an integer or two strings cane tou 
es á an 
multiplied etc. NOt no 


On the other hand, a Data structure is a physical implementation that clearly defi 
storing, accessing, manipulating data stored in a data structure. The data Sear 
structure has a specific work pattern e.g., in a stack, all insertions and deletions take j è day 
end only. Place at 


For example, Python supports lists as a collection data type which can store 


early Predecideg 


e.g. it will store all elements of same type ; for searching, list elements will be Presorted and sof 
© forth, 


2 
b 


DIFFERENT DATA STRUCTURES 


Data Structures are very important in a computer system, as these not only 
combine various data types in a group but also allow 
thereby making things much simpler and easier. Th 
following two types : 


i allow the User to 
processing of the group as a single unit 


e data structures can be classified into 


1. Simple Data Structures. These data structures are normally built from primitive data 


types like integers, reals, characters, boolean. Following data structures can be termed 
as simple data structures : 


© Array or Linear Lists 


it] 


Compound Data Structures. Simple data structures can be combined in various ways to 
form more complex structures called compound data structures. Compound data 
structures are classified into following two types : 
© Linear data structures. These data structures are single level data structures. A data 
structure is said to be linear if its elements form a sequence. Following are the 
examples of linear data structures : (a) Stack (b) Queue (c) Linked List 
© Non-Linear data structures. These are multilevel data 
structures. Example of non-linear data structure is Tree. 


Following figure (Fig. 8.1) shows all the data structures. 


Data Structures 


Simple Data Structures 


| Array or Linear List* | 


Compound Data Structures p 
“Python offers many li ee i 
built-in data structures sy i 
other than lists- se ] 
tuples, sets and dictiona? 


Non-linear 


Linked list | 


Figure 8.1 Different Data Structures 


Tree 
YER A 


p 
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r Lists Arrays 


Linear Lists or Arrays refer to a named list of a finite number n of similar data elements. 

Fach of the data elements can be referenced respectively by a set of consecutive numbers, 

; ly 0, 1, 2, 3,...n. If the name of a linear list of 10 elements is LIL, then its elements will be ioe 
d as shown: LIL[O], EN], LLB, LIL[3yy.....:. LIL[9] 


g 3.1 Linea 


usua 
reference 
Arrays can be one dimensional, two dimensional or multi dimensional. In Python, arrays are 
implemented through List data types as Linear Lists or through NumPy arrays. 


8.3.2 Stacks | 

i À structures refer to the lists stored and | 

Stacks data struc i | 
a special way, where LIFO (Last In Firs ( } | 


accessed in 
Out) technique is followed. In Stacks, insertions ~ A | 
and deletions take place only at one end, called the 7 | 

- ig similar to a stack of plates as shown in > 4) i 
top. Stack is simi | 


Fig. §.2(a). Note that plates are inserted or removed SS <] 


only from the top of the stack. 
(a) Stack of plates 


8.3.3 Queues | 
; : 

Queues data structures are FIFO (First In First Out) People li 
lists, where insertions take place at the “rear” end leave queue 


A f front 
of the queues and deletions take place at the jiii 


“front” end of the queues. Queue is much the same ` N ji 
as a line of people [shown in Fig. 8.2(b)] waiting for jia i 
their turn to vote. First person will be the first to from rear 


vote and a new person can join the queue, at the (b) Queue of people waiting for their turn 
rear end of it. Hah 
. . Figure 8.2 A stack and a queue. jii 
8.3.4 Linked Lists p : hii 
Linked lists are special lists of some data elements linked to one another. The logical ordering is | 
represented by having each element pointing to the next element. Each element is called a node, 
which has two parts. The INFO part which stores the information and the reference-pointer j 
part, which points to i.e., stores the reference of the next element. Figure 8.3 shows both types of | 
lists (singly linked lists and doubly linked lists). ‘i 
In singly linked lists, Nodes 
nodes have one reference- 
pointer (next) pointing to 


the next node, whereas aia INFO INFO INFO 
f s "a o 

nodes of doubly linked m e O 
lists have two ieferenae= ae Nodes next next 
Pointers (prev and next). 

Prev points to the Start NES INFO INFO 
Previous node and next Tt T 1 
ein the next node in | it aod oo 


Figure 8.3 Singly and doubly linked lists. 


a 


8.3.5 Trees 


8.4 


8.5 


8.6 


Trees are multilevel data structures having a 
hierarchical relationship among its elements called 
nodes, Topmost node is called the root of the tree and 
bottommost nodes are called leaves of the tree. 


Each of the nodes has some reference-pointers, 
pointing to (i.e. storing the reference of) the nodes 
below it. 


OPERATIONS ON DATA STRUCTURES 


The basic operations that are performed on data structures are as follows : 


1. Insertion. Insertion means addition of a new data element in a data structure 
2. Deletion. Deletion means removal of a data element from 


a data struc 
element is searched for before its removal. ture, The data 


Searching. Searching involves searching for the specified data element in a data stru 
Cture, 


Traversal. Traversal of a data structure means Processing all the data elements of it, one by 
á One, 


Sorting. Arranging data elements of a data structure in a specified order is 


Merging. Combining elements of two similar data structures to for 
structure of same type, is called merging. 


Dapp 


called sorting, 


m a new dai 


LINEAR LISTS 


A linear data structure is that whose elements form a sequence. When elements of linear 
structures are homogeneous and are represented in memory by means of sequential memory 
locations, these linear structures are called arrays. Linear Lists or Arrays are one of the 
simplest data structures and are very easy to traverse, search, sort etc. An array stores a list of 
finite number (n) of homogeneous data elements (ie, data elements of the same type). The number nis 
called length or size or range of a linear list. When upper bound and lower bound of a linear lis! 
are given, its size is calculated as follows : 

Linear list size (length) =UB - LB +1 (UB - Upper Bound, LB - Lower Bound) 


For instance, if a linear list or an array has elements numbered as —7, — 6, — 5.....0, 1, 2, -15 
then its UB is 15 and LB is -7 and array length is z AFG 


“ C iii A linear list is a sequence ofn20 
=15+74+1=23 elements, Ey, Ez = E, vow 
each element £; has the sam 
data type T. 
LINEAR LIST DATA STRUCTURE ata type pen 


tures, i 
clearly 
ration 
r lists- 


You have learnt about list datatype in class XI, but when we talk about lists as data — 
means that all its implementation functions along with storage details (¢.g., size) e n 
defined at one place. In the following lines, we shall first talk about various Kt 
performed on linear list and then finally have a complete program implementing t you have 
Here, please note that we shall implement linear list data structure based on what ) 


learnt in lists in class XI. 


p 


TURES — |: LINEAR LISTS 
ple 3 A menene 
ch hing in a Linear List n eat 
Searc ; t searching algorithms : [i alee 
F re many differen g alg : near search and fist is comp 
e PANA 
mj search- evenikemito 
pinary for, one by one, 
rch PEE an 
ined" = - search, each element of the array/linear list is compared with the given Item to be 
In me for, one by one. This method, which traverses the array/linear list sequentially to 
ee given Item, is called linear search or sequential search. 
locate 
m Linear Search in Linear List 
ith 
gorit 
age 


Step1. Setctr=L 
# Now search for the ITEM 


Step 2. 
Step 3. 


Step 4. 


Step 5. 


Step 6. 


#Initialise counter by assigning lower bound value of the linear list 


#L (Lower bound) is @ (zero). 


Repeat steps 3 through 4 until ctr>U. #u (Upper bound) is size-1 
IF AR[ctr] == ITEM then 


{ print("Search Successful") 


print(ctr, "is the location of", ITEM) 
break # go out of loop 
} 
ctr=ctr+1 
# End of Repeat 
IF ctr >U then 
print ("Search Unsuccessful !") 
END 


The above algorithm searches for ITEM in linear list AR with lower bound L and upper bound 


U. As soon as the search is successful, it jumps out of the loop (break statement), otherwise 
continues till the last element. 


P" Linear Searching in an array (linear list) 


rogram # linear search 


def Lsearch(AR, ITEM) : 


i= 


while i < len(AR) and AR[i] != ITEM : 


i+=1 


if i< len(AR) : 


returni 
else : 


return False 


# ~~~. Main ---- 
N= int (input ¢" 
Print("\neEnter 
AR = [o] *N 


D 


Enter desired linear-list size (max. 50)... ")) 
elements for Linear List\n") 


# initialize List of size N with zeros 


i 

i] 
i 
j 

| 
ty 
| 
ie 
j 
f: 
j 
{i 
} 
ji 
i! 
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for i in range(N) : 
AR[i] = int(input("Element" + str(i)+":")) 


ITEM = int(input("\nEnter Element to be searched for ...")) 
index = Lsearch(AR, ITEM) 


if index : 

print("\nElement found at index :", index, ", Position : ", (index +1)) 
else: 

print("\nSorry!! Given element could not be found. \n") 


Sample run of above code : 


Enter desired linear-list size (max. 50) ... 7 
Enter elements for Linear List 

Element Q: 88 

Element 1: 77 

Element 2 : 44 


4 


Element 3 : 33 


Element 4 : 22 
Element 5: ii 
Element 6: 10 
Enter Element to be searched for ... 11 


Element found at index : 5, Position : 6 
Enter Element to be searched for ... 78 
Sorry!! Given element could not be found. 


The above program reads a linear-list and asks for the item to be searched for. Then it calls a 
function called Lsearch( ) which receives linear-list and search-item as parameters. It then 
searches for given item in the passed linear-list. If the item is found, then it returns the index ot 
found element otherwise it returns False. 


The above search technique will prove the worst, if the element to be searched is one of the last 
elements of the linear list as so many comparisons would take place and the entire process 
would be time-consuming. To save on time and number of comparisons, binary search is very useful 


Binary Search 


This popular search technique searches the given ITEM in minimum possible comparisons. ae 
binary search requires the array, to be scanned, must be sorted in any order (for instance, say 
ascending order). In binary search, the ITEM is searched for in smaller segment (nearly half a 
previous segment) after every stage. For the first stage, the segment contains the entire array: 


To search for ITEM in a sorted array (in ascending order), the [TEM is compared with ua 
element of the segment (i.e. in the entire array for the first time). If the ITEM is more m A 
middle element, latter part of the segment becomes new segment to be scanned ; if the I: it 
less than the middle element, former part of the segment becomes : 

new segment to be scanned. The same process is repeated for ese ni work for ont 
the new segment(s) until either the ITEM is found (search aen : 
successful) or the segment is reduced to the single element and 
still the ITEM is not found (search unsuccessful), 


URES- l: LINEAR LISTS 
gTRUCTL 
r pATA 


ag 
ggi Search in Linear List i 
pe Case 1: Array AR{L : UJ is stored in ascending order 
p Initialise segment variables 
4. set beg =L, last=U #L is @andUis size-i. 
2. while bey <= last, perform steps 3to6  #INT( ) is used to extract integer part 
3. mid = INT ( (beg + last)/2) 
4. if AR [mid] == ITEM then 
print ("Search Successful") 
print(ITEM, "found at", mid) 
break # go out of the loop 
5. if AR[mid] < ITEM then 
beg =mid+1 
6. if AR[mid] > ITEM then 
last =mid- 1 
# End of while 
7. ifbegz last 
print("Unsuccessful Search") 
8. END. 
Case II : Array AR[L : U] is stored in descending order 
# Initialize 
if AR(mid] = =ITEM then 
if AR[mid] < ITEM then 
last =mid- 1 
if AR[mid] > ITEM then 
beg=mid+ 1 
# Rest is similar to the algorithm in Case I. 
8.2 


Binary Searching in an array. 


rogram def Bsearch( AR, ITEM) : 
beg =6 
last = len(AR) -1 
While (beg <= last) : 
mid = (beg + last )/2 
if (ITEM == AR[mid]) : 
return mid 
elif (ITEM > AR[mid]) : 
beg = mid+1 
else: 


last = mid-1 
else: 


a 


return False #when ITEM not found 
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# main , 
N = int (input (“Enter desired linear-list size (max. 50)... .")) 
print("\nEnter elements for Linear List in ASCENDING ORDER\n") 
AR = [0] *N # initialize List of sizeNwith zeros 
for i in range(N) : , 

AR[i] = int (input ("Element" + str(i)+":")) 
ITEM = int(input("\nEnter Element to be searched for ...")) | 
index = Bsearch(AR, ITEM) 
if index : 

print("\nElement found at index : ", index, ", Position : ' 


else : 
print("\nSorry! ! Given element could not be found. \n") 


', (index +1)) 


Enter desired linear-list size (max 


Sample run of the above code as i 
Enter elements for Linear List in ASC 


50)... g 


shown on the right. Elene Of Ti ENDING ORDER 
8.6.2 Insertion in a Linear List Element 1: 15 
j : Element 2 : 18 
Insertion of new element in array Element 3 : 21 
can be done in two ways : (i) if the Element 4 : 23 ! 
array is unordered, the new ele- Element 5 : 25 | 
ment is inserted at the end of the Element 6: 27 
array, (ii) if the array is sorted then Element 7: 29 
new element is added at appro- Enter Element to be searched for ... 29 | 
priate position without altering the Element found at index : 7, Position: 8 | 


order and to achieve this, rest of 
the elements are shifted. 


For instance, 35 is to be added in an array as shown in Fig. 8.5(a). 


Inserted 


0 0 0 

1 1 1 

2 2 

3 3 | 
4 Right 4 | 

position 
5 for 35 5 
6 


To create space 
for new elements, 


D» © N OU A UN 


8 po 8 
existing elements 
9 are shifted 9 
downwards 


(a) (b) (c) ss 
Original array Elements shifted to Array after Ins? 
create place 


Figure 8.5 Insertion in a sorted array. 


. T 
If the array is already full, then insertion of an element into its results into OVERFLOW: 


RES — |: LINEAR LISTS 
sTRUCTU 

pATA i 

pel pone : 4 
go În sertion in Linear List 
got pirst the appropriate position for ITEM is to be determined i.e., if the 
A popriate B aiin. I+ 1 then AR[ I ] <= ITEM <= ARẸ + 1], LST specifies ji 
a aii possible indexinarray, uspecifies indexof last element inArray | 

i i 


1. ctr=L # Initialise the counter 


2 If LST = U then i 


Print (“Overflow :") Hi 
Exit from program | i 
3. if AR[ctr] > ITEM then ni ini 
pos=1 j! Hilt 
else i 
{ | 
' while ctr < U perform steps 5 and 6 |! at 
5. if AR[ctr] <= ITEM and ITEM <= AR[ctr +1] then Hi AREH 
pos=ctr+1 ji 
break 
6. ctr=ctr+1 
rA if ctr = U then 
pos=U+1 
} # end of if step 3 
# shift the elements to create space 
8. ctr=U # Initialise the counter 
9. while ctr >= pos perform steps 10 through 11 
10. {  AR[ctr+1]=AR[ctr] 
11. ctr=ctr-1 i! 
} i 
12. AR[pos] = ITEM # Insert the element Hii 
13. END. biG 


You have just now read the traditional algorithm of inserting an element in a sorted list, given fiili 
above, If you notice, the above algorithm involves shifting of elements. Shifting of elements is | 
an expensive operation in a programming language. Expensive in the sense that it consumes BINH 
much of CPU time. jii 


To understand this, consider the following example : 


Gi 0 1 2 3 4 5 6 Hen 
lven array is : ane 


Element to be inserted : 44 
() Determine 


(i 


the appropriate position for new element : it is index 2, after element 33 
Create space in the end of array for one element. 


0 1 2 3 4 7 jii 


5 6 | 
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(iii) Keep shifting elements from the right end till index 2 i.e., 


2 3 4 5 6f 7 


first 
shifting 


second 
shifting 


third 
Shifting 
0 1 2 3 4 5 6 7 
(iv) Now insert the new element : 33 88 | 99 | 100 
| 
T here 


As you can make out that insertion of a new element requires the shifting of elements to make 
room for new element. 


Shifting of elements is an expensive process and should be avoided if a better algorithm is 
available. Python makes available a better algorithm called bisect, available in bisect module. 
So, if you use following statement after importing bisect module : 


bisect.insort(list, <newelement>) 
The insort() function of bisect module inserts an item in the sorted sequence, keeping it sorted. 


The above function offers a better algorithm to insert in a sorted sequence, 


But one thing that you must remember is that the bisect module works on a sequence arranged 
in ascending order only. The bisect module also offers another function bisect() that returns 
the appropriate index where the new item can be inserted to keep the order maintained, e.g, 


bisect.bisect(list, <element>) 


will give you the index where the new element should be inserted. 


In the following lines we are giving two programs for insertion of an element — program ne 
that uses traditional algorithm given above by finding position and shifting elements an 
program 8.4 that uses efficient bisect algorithm of Python bisect module. 


8.3 Inserting an element in a sorted array using traditional algorithm. 


rogram def FindPos (AR, item) : 


size = len(AR) 
if item < AR[@] : 


return ð 
else: 


| 
pos =-1 | 
i 


p 
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for i in range(size -1) : 
if (AR[i] <= item and item < AR[i +1] ) : 
pos=i+1 
break 
if (pos == -1 and i <= size -1 ): 
pos = size 
return pos 


def Shift( AR, pos ): 
AR.append(None) # add an empty element at the end 
size = len (AR) 


i= size -1 
while i >= pos: 
AR[i] = AR[i-1] 
i=i-1 
#__main_ 
myList = [10, 20, 30, 40, 50, 60, 70] 
print("The list in sorted order is”) 
print(myList) 
ITEM = int(input ("Enter new element to be inserted :")) 
position = FindPos( myList, ITEM) 
Shift (myList, position) 
myList[position] = ITEM 
print("The list after inserting", ITEM, “is") 
print(myList) 


The output produced by above program is : 


The list in sorted order is 

(10, 20, 30, 40, 50, 60, 70] 

Enter new element to be inserted : 80 
The list after inserting 80 is 

(10, 20, 30, 40, 50, 60, 70, 80] 


ie program uses bisect module of Python for insertion of new element in a sorted 
Tray. 


8.4 Rene 


Insertion in sorted array using bisect module. 
Ogram 


import bisect 


MyList — Phas hE 
rie [10, 20, 30, 40, 50, 60, 70] Nala 
Pri ("The list in sorted order is") hin 

int (myList) 


a 


TAMSA : 
erent ; bo Poa- 
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ITEM = int (input (“Enter new element to be inserted :")) Xi 
. . 5 ; ITEM The bisect() function would re ; 
ind= bisect.bisect( myList, ) ITEM. And the insart( ) would inser core index 
bisect.insort (myList, ITEM ) myList maintaining the order of the dlien in tent 
print(ITEM, "inserted at index", ind) hits , 
print("The list after inserting new element e list in sorted order ik 
is") [10, 20, 30, 40, 50, 60, 70) 
print(myList) oo new element to be inser 
45 inserted at index 4 ted ; 45 
The output produced by above The list after inserting =e 
program as shown on the right. [10, 20, 30, 40, 45, 50, 69 Ba is 
5 But one thing, you must be aware of, which is that the bisect module’s functions wdik wi a = Ses 
< arranged in ascending order of their elements. In order to insert an element in a descending = 
S sequence, you may tweak it as listed below : rder 
o ; ; 
© firstly reverse the list as follows 
= >>> 12 = [80, 70, 60, 50, 40, 39 
= i . 20 
; to ilies it to ascending order >>> 12.reverse() , » 20, 10] 
al >>> 12 | 
<list>.reverse( ) [10, 20, 30, 40, 50, 60, 70, 80] | 
© Add the new element using bisect || >>> bisect.insort(12, 45) 
module as explained above. >>> 12.reverse() | 
© Reverse the list again so that it is >>> 12 | 
back to descending order. [80, 70, 60, 50, 45, 40, 30, 20, 10] 
>>> 


8.6.3 Deletion of an Element from a Sorted Linear List 


The element to be deleted is first searched for in the array using one of the search techniques ie, 
either linear search or binary search. If the search is successful, the element is removed and rest of the 
elements are shifted so as to keep the order of array undisturbed. Let us consider element 22is'0 
be deleted from array X shown in Fig. 8.6(a). 


| 
1 | 
i | 
3 ' 
4 
5 
6 
Element 
to be 7 
deleted 8 
9 
(a) 
Original array (b) 


Element removed 


Figure 8.6 Deletion of an element in array X. 
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caplet © ` aii 
jf the elements are shifted downwards or towards right side, then unused elements (free spaces) are 
available in the beginning of the fixed-size array otherwise free space is available at the end of 


the array. However, if you are implementing arrays through lists, then there would not be any 
such issue as Python lists are very flexible and can grow/shrink easily. 


jgorithm Deletion in Linear List 

Alg i 
# Considering that ITEM’s search in array AR is successful at location pos 
Case J Shifting upwards (or in left side) 


# Initialise counter 


1. ctr=pos 

2. while ctr < U perform steps 3 and 4 
3, AR[ctr] =AR[ctr +1] 

4. ctr=ctr+ 1 


# End of while 
Case H Shifting downwards (or in right side) 


1. ctr=pos 

2. while ctr > 1 perform steps 3 and 4 
3. AR[ ctr] =AR[ctr-1] 

4 ctr=ctr-1 

# End of while 


Python provides a remove( ) method that itself takes care of shifting of elements. You have 
worked with remove( ) method and del<item> statements of lists in class XI. The same 
method/statement you can use for removing an element from a sorted array/list. 


Following program deletes an element from a sorted array. 


8.5 Deletion of an element from a sorted linear list. 
rogram 
def Bsearch( AR, ITEM) : 
beg =9 
last = len(AR) - 1 
while (beg <= last) : 
mid = (beg + last)/2 
if (ITEM == AR[mid]) : 
return mid 
elif (ITEM > AR[mid] ) : 
beg =mid+1 
else: 
last =mid-1 
else: # else of loop 


return False # when ITEM not found 
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#_main_ N, xy 
myList = [10, 20, 30, 40, 50, 60, 70] 

print("The list in sorted order is") 

print(myList) 

ITEM = int(input("Enter element to be deleted :")) 


iti = i tm — De sas 
position = Bsearch(myList, ITEM) Determining the position of ele 
if position : to be deleted menj 


. | 
Statement deleting the element at index positi 
ition 


del myList[position]<—— 


print("The list after deleting", ITEM, "is") 
print (myList) 

else : 
print("SORRY! No such element in the list") 


The output produced by above code is : 


The list in sorted order is 

(10, 20, 30, 40, 50, 60, 70] 

Enter element to be deleted : 45 

SORRY! No such element in the list 

>>> === RESTART == 
The list in sorted order is | 
[10, 20, 30, 40, 50, 60, 70] 

Enter element to be deleted : 40 
The list after deleting 40 is 
(10, 20, 30, 50, 60, 70] 


The above program firstly reads an array and then asks for the element to be deleted. It then 
searches for the element's position in the array, using Binary search. And if found, then the 
element at determined position is deleted. 


8.6.4 Traversal of a Linear List 


Traversal in one-dimensional arrays involves processing of all elements (i.e, from very first to = 
element) one by one. For instance, traversal of array shown in Fig. 8.6(a) would process m e 
following order : 


X[0], X[1J, X[2], X{3].......X[10] 


Algorithm Traversal in Linear List 


# Considering that all elements have to be printed 


1, Gtr=L #Initialising the counter 
2. Repeat steps 3 through 4 until ctr > U 
3. print(AR[ctr]) 
4 ctr=ctr+ 1 
# End of Repeat 
5. END. 


_ 


— 
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3.6 Traversing 4 linear list. 
def traverse(AR) : 
’ ogam size = len(AR) 
for i in range(size) : 
print (AR[ i], end='') Gy Loop traversing the elements in 
5 the linear list 
#_main— 
size = int (input ("Enter the size of Linear list to be input :")) 
AR = [None] * size # create an empty list of the given size 
print (“Enter elements for the Linear List") 
for iin range(size) : 
AR[i] = int (input("Element" + str(i) +":")) 
print("Traversing the list :") 
traverse (AR) <————.raversal function invoked 
enter the size of Linear list to be input : 6 
enter elements for the Linear List 
Element 0: 12 
Element 1 : 23 oe 
Element 2 : 34 "SEARCHING, INSERTION, DELETION 
Element 3 : 45 Y IN THE LIST 
Element 4 : 56 EATI Pp ——_—$_$_ $< $ Progress ln Python 8.1 
E5 : 67 
Bean che list: This PriP session aims at practice of these concepts : 
, searching, insertion and deletion of elements in an array. 


12 23 34 45 56 67 


8.6.5 Sorting a Linear List — 

Sorting refers to arranging elements of a list in ascending or descending order. There are many 
sorting algorithms that you can apply to sort elements of a linear list. You have learnt about two 
sorting algorithms, bubble sort and insertion sort, in your previous class. You can choose any of 
these algorithms to sort your linear list. 

We are not giving below any program to sort a linear list as you already know this. In fact, we 
expect you to add a sorting function to following program (create a need) that implements a 
linear list data structure. Before we do that, let us talk about an efficient way of creating lists— 
List comprehensions. Data structures always demand efficient implementation methods, thus, 
it is important for you to know List comprehensions — an efficient way of creating lists. 


8.6.6 List Comprehensions 
You know already how to create lists. You have been creating lists either by directly assigning 
comma separated values to a name or by employing a for loop to do this, e.g., 
Ist=[2,4,6,8,10] Or Ist=[] 
for iinrange(1,6) : 
1st.append(i * 2) #1st is now=[ 2, 4, 6, 8, 10] 


Both above codes create the lists with the same elements. 
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There is another way of creating lists — in fact, a concise way called list co 
A list comprehension is a concise description of a list that shorthands ; ch Te Ension 
the form of a single statement. ISt creg theg ? 
A : r 
Let us see how it works. The above list creating for loop can be written as . Oop in 


Ust2=[i*2 for iinrange(1, 6) ] #itis alist Compreh 
ens Sio 


Now if you print Ist2, it will also be containing the same elements j.e, 


Carefully look at following figure that illustrates how 
list comprehension is created from above loop : 


, [2, 4,6, 8, 10) 


"ne, 
s.. 
eet FPP wee, 
oat get eS, 
eer, 
ee EE 
E o e aa o a a 


ifor i in rangoli, 6) ) “tee, hn, 
. s i 


a A, “& 2 y 


ga 


& Peete eS EE 
Ist =[i+* 2 for ìi in range(1, 6)] 


The above conversion of for loop to list compiere can be summarized as: 


A 


for(set of values to iterate upon): m—> [expression_creating_list for(set of values to itera 


te upon)] 


A | 


expression_creating_list k 


lst3=[] 
for nmin range(1, 58): 
if mm%7—8: 
1st3-.append(num) 


As you can see that above loop marries out expression_creating_list only if the given conditionis 
true. The list produced by above code is [7, 14, 21, 28, 35, 42, 49]. 


To create a list comprehension from above for loop, you need to use following conversion rule: 


for (set of values): a$ [expression_creating_list for (set of values) oe 


condition, a we 
ee eesesenes tNe0istnnnnsuapetbensveeyenncounnaieueie®™ aiaia 
expression_creating list wort 
So, our list i i = 
, comprehensionfor above for loop will be : Please note that colon €) È 0 e 
_ with if and else key ords in 


ist3 = [num for numinnange(1,58) if num %7 == a] 


hension 


a 
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sider another list comprehension. 
Con 


A= [num if num < 5 else num*2 for num in range(2, 9)] 


The above list comprehension will produce list A as 


[2,3,4, 10,12, 14,16 ] 


/ k 


Values < 5are stored as it is Values > 5 are stored through expression num*2 


| For more clarity, you can enclose entire if else part in parenthesis, e.g., 


| A= [(num if num < 5 else num * 2) for num in range (2, 9)] 


Notice again that with if and else we do not give colon in list comprehensions otherwise Python i 
gives error, l-8. following code will give an error. 


A=([numifnum<5: else : num* 2 for num in range(2, 9)] Lead 


7 / ‘ LIST COMP 


Not to be given in list comprehensions 


A List Comprehension is a concise description | 
of a list that shorthands the list creating for loop 
; i fi single statement. 
Consider some more examples given below : Inthe farot haiti | 


Example 8.1 Create a list myList with these elements (i) using for loop, (ii) using list comprehension. 
Solution (i) (ii) 
myList = [] myList = [2 ** i for i in range(11)] 
for i in range(11): 
myList.append( 2 ** i) 


Example 8.2 Given an input list Vals below, produce a list namely Mul3, using a list comprehension having He 
the numbers from Vals that are multiples of 3. 


Vals = [31, 15, 42, 12, 5, 39, 21, 61, 25] 
Solution a 
Mu13 = [num for num in Vals if num% 3 == 0] ibn uit 
The list, Mul3, will store [15, 42, 12, 39, 21] 
Example 8.3 Consider the code below. What will the list NL be storing ? 
Lst=[( a s its Cb’, 129, c's 239] 
NL = [{n*3 for (x, n) inLst if x=='b' or x == 'c'] 
Solution 
[36, 39] 
Example 8.4 Consider the following code. What will the list Res be storing ? 
Res = [“Ev" if i%2==@else "Od" for i in range(10, 20) } 
print(Res) 
Solution 


['Ev', 'Od', 'Ev', ‘od', ‘Ev’, 'Od', ‘Ev’, 'Od', ‘Ev’, 'Od'] 


Be 


Y 


~X 
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a list comprehension for a nested for loop. 


espossocooosascenoason,, 
>. 
. 
a 
* 


You can also form 


. A 
seiss ession_creating list for] ; 
fer-Toopt: C> [expr Ma OOP] for loop ] 


for loop2 «ss... teens ea eeenensersesenereees L T S 
expression_creating_list gle 


For example, consider the following nested loop : | a 


result= [] ‘Please note that list com 
; work with 5 vnPrehe; 
for xin [10, 5, 2]: oY quare brackets on 
„using it with () and py, oe Try 
for yan [as 3; 41° you an error An eee ive 
result .append( x ** y) _is based on this, check pee 
print(result) is ne i 


It produced result as: [100, 1000, 10000, 25, 125, 625, 4, 8, 16] 


The list comprehension for above nested loop will be like : 
result = [ x ** y for x in [10, 5, 2] for y in [2, 3, 4]] 
So the equivalent code for above code will be : 


result= [] 

result = [ x ** y for x in [10, 5, 2] for y in [2, 3, 4]] 

print(result) 
And the result will just be the same. 
The nested for loops may have optional condition(s) and the list comprehension will 
include optional condition just in the same way as you have included conditions in single for 
loop. 
For instance, look at the following list comprehension : 


[(x,y) for x in range(5) if x%2==@ for y in range(5) if y % 2 =- 1] 


Can you write its equivalent nested for loop ? You 


. . . as i 
surely an, I bet ! Please check if mine (given below) is 2 4 
correct ? © List comprehensions are ates 
len useful but you should not ust | 
when you need to check | i i 
forxin range(5) : conditions. ag 
if x%2==0: g 
for y in range(5) : 
if y %2 == : 
L1.append((x, y)) 
print(L1) 


p” 
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. pATA ST 
crootel ©” s 
es of List Comprehensions 
antag rehensions are considered more Pythonic as they truly represent Python coding style 
List co 


4 also offer these advantages : 
= Code reduction. A code of 3 or more lines (for loop with or without a condition) gets 
(i) reduced to a single line of code. 


i) Faster code processing. List comprehensions are executed faster than their equivalent 
(ii) for loops for these two reasons : 


(a) Python will allocate the list’s memory first, before adding the elements to it, ati 
instead of having to resize on runtime. 


(b) Also, calls to append( ) function get avoided, reducing function overhead time (i.e. 


additional time taken to call and return from a function) which may be cheap but 
add up. 


3.5 Linear List Implementation. A charity organization conducts camps in various locations of a city. 


Each camp is located at a location on a specific date. The organization maintains a monthly list of 
camps planned in this format : 


03 New Cly, 18 T Nagar, 25 K Pura 
Where first two digits of every entry signify the date on which the camp is to be conducted. Write a 
program to implement this along with following points : 
(i) A linear list, planned, stores the camps that are to be conducted. A camp's 
details are added to planned list once NOC is obtained. 


(ii) As soon as a camp is conducted, its details are moved to list conducted and 
removed from planned list. 


(iii) Each camp servers some people. 
(iv) The program should be able to provide options for adding to planned list, 
getting conducted camp’s details, searching for a camp, a report of how many 


camps were conducted so far and how many people were served and display 
the linear lists planned and conducted. 


def addloc(cmp): 
dd = cmp[@:2] 
ln = len(planned) 
if ln ==@: 
planned.append(cmp) 
else: 
last = planned[1n-1] 
if int(dd) >= int(last[@:2]): 
planned. append(cmp) 
else: 
for i in range(1n): 
cp = planned[i] 
if int(dd) <= int(cp[@:2]): 
planned. insert (i, cmp) 
break 


—~ 
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def conductCamp(cmp): 
conducted. append(cmp) 
planned. remove(cmp) 
def search(cmp, lst): # linear search technique 
ln = len(lst) 
for i in range(1n): 
if cmp in lst[i]: 
return lst[i] 
else: 


return False 
def Report() : 
lenp = len(planned) 
lenc = len(conducted) 
print("\t REPORT") 
print ("—_————____") 
print("Camps conducted so far:", lenc) 
print("People served so far", ppl) 
print("Camps to be conducted:", lenp) 
print ("-——_—_—____") 
def display(): 
print("\nCamps Planned : ", end=' ') 
for i in planned: 
print(i, end=', ') 
print("...!!") 
print("\nCamps Conducted so far: ", end=' ') 
for i in conducted: 
print(i, end=', ') 


PREM" seed 1" 

#__main__ 

planned = [] 

conducted = [] 

ppl =@ 

ch=@ 

while (ch !=6): 
print("\t—") 
print ("\tMENU" ) 
print(“\t—") 


print("1. Add Camp Location") 

print("2. Camp Conducted") 

print("3. Look for a Camp") 

print("4. Report") 

print("5. Display List") 

print("6. Exit") 

ch = int(input("Enter your choice (1-6):")) 


ee 
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if ch==1: 
cm = input("Enter Camp location : ") 


dd = input("Enter date of the month (only dd) : ") 


cmp = dd + cm 
addloc(cmp) 
elif ch==2: 


cm = input("“Camp conducted at location?" ) 
p = int (input("How many people are served at this camp?")) 
ppl =ppl+p 
result = search(cm, planned) 
if result == False : 
print("Sorry no such camp in the list") 
else: 
conductCamp(result) 
elif ch == 3: 
cm = input("Enter camp location : ") 
r1=search(cm, planned) #resulti 
if r1 == False: 
r2 = search(cm, conducted) # result2 
if r2 == False: 
print("Sorry no such camp in our list") 
else: 
dd =r2[@:2] 
print(cm, "was conducted on date”, dd, “of this month") Hite | 
else: eae 
dd = r1[@:2] 
print(cm, "camp is to be conducted on date", dd, "of this month") 
elif ch==4: 
Report() 
elif ch==5: 
display() 
elif ch !=6: 
print("Wrong choice! Enter choice from 1 to 6 only”) 


else: 
print ("THANK YOU") 


+ 
Pl 
fase note above program is based on certain assumptions such that : 
(i) dd part is always 2 digits long i.e., enter single digit dates preceeded with a zero 
eg. 03, 06 etc. 


(ii) there is no check to ensure that location name is not repeated. If you want, you 
can add this functionality. 


_ 


Sample run of above program is as shov 


MENU 


Add Camp Location 

Camp Conducted 

Look for a Camp 

Report 

. Display List 

. ExXTE 

Enter your choice (1-6): 1 

Enter Camp location : K Pur 

Enter date of the month (only dd) : 09 


OVN e WN 


MENU 


Enter your choice (1-6): 1 
Enter Camp location : D Pur 
Enter date of the month (only dd) : 27 


MENU 


Enter your choice (1-6): 1 
Enter Camp location : B Nagar 
Enter date of the month (only dd) : 03 


MENU 
Enter your choice (1-6): 1 
Enter Camp location : Y Vihar 
Enter date of the month (only dd) : 15 


MENU 


Enter your choice (1-6): 5 


Camps Planned : 03 B Nagar, 09 K Pur, 15 Y 
Vihar, 27 D Pur, ...!! 


Camps Conducted so far: ...!! 


MENU 


Enter your choice (1-6): 3 
Enter camp location : D Pur 


D Pur camp is to be conducted on date 27 
of this month 


E. 
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vn below : 


MENU 


Enter your choice (1-6): 4 


Camps conducted so far: 0 
People served so far 0 
Camps to be conducted: 4 


Enter your choice (1-6): 2 

Camp conducted at location? B Nagar 

How many people are served at this Camp? 320 
MENU 

Enter your choice (1-6): 2 

Camp conducted at location? K Pur 

How many people are served at this camp? 412 


MENU 


Enter your choice (1-6): 4 


Camps conducted so far: 2 
People served so far 732 
Camps to be conducted: 2 


Enter your choice (1-6) :6 
THANK YOU 
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go" l 
pesTED/TWO 
know that lists are objects that can hold objects of any other types as its elements. Since lists 

a themselves, they can also hold other list(s) as its element(s). Carefully go through the 
low that creates four lists namely LA, LB, LC and LX : 


DIMENSIONAL LISTS IN PYTHON 
g7 


yous’ 
re obje z 
code shown be 


EEEELETET 
PEA n T 

. . 
Pee me a oo ehi TrA 


LA = (22, 11] in 


se, 
a 
. 


ERE ni 
Cssoccenocosoe t”. 


f the four lists created above, two are nested lists, i.e, LC and LX are nested lists as they 


Out 0 5 s 
re lists as their elements. So when you display or print the contents of lists LC 


contain one Or mo 
and LX, it will be like : 


=ne 


ca i In [13]: IX: zenema pec ce rr ` 
nE uj | f 


In [12]: ŁC ; 
Out[13]: (12,422, 1]; [11, 44, [33, ujb 15] f 


out[12): [11, 44 


~—-<--7 
ee nememm 


The 3” element of LC, i.e., LC[2] 


h H f 
is the list LB , i.e., [33,11] The 4” element of LX, i.e., LX[3 ] 


is the list LC which is a nested 
list itself i 


The 3” element of LX, 
i.e., LX[2 ] is the list LA, 
ie., [22,11] 


So with LX as : 
LX=[11, [22, 11], [11, 44, (33, 11]], 15] 
What will be shown if you display : 
OLX, i) LX[2], (ii) LX] (i) LXO) (v) LXR, (w LX(2](2]11] ? 
Well, I already knew that you knew it. 43 


So the values displayed are like : 


UX) | XN] | ra LXIBI Í 


iš = fra, (22, 19), (22, 44 133, 41), 25] 


LX(1IL0} | LXi) | Lx{2I10) | LXIII) } x20 j LXI2J21] |} 


@ [2211] çü) (11, 44, [33,11] Gi) 1) Us @) [83,11] (11 


So eonenna 
o : ` 3 FEE Sey EIT Ty Cer 
elem, _ say that a list that has one or more lists as its PNESTED UIST. S| 
ents į ; : ; a 
nested S is a nested list. A two dimensional list is also a A list that has one or more lists 
list. Let us see how as its elements is a nested list. 


a 
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8.7.1 Two Dimensional Lists 


A two dimensional list is a list having all its elements as lists of same Shapes 

dimensional list is a list of lists, e.g., 
Ll= [ fl; 2), (9; 8], [3, 4) ] 

L1 is a two dimensional list as it contains tree lists, each having same 


singular lists (ic., non-nested) with a length of 2 elements. Following re 
it clearer. 


Shape, 
prese 


ie., 

! ar 

Nation Will make 
Ke 


L1=[ [1, 2], 


[3, 4] ] 


Regular two-dimensional lists are the nested lists with these properties : 


(i) All elements of a 2D list have same shape (i.c., same dimension and length) 
(it) The length of a 2D list tells about Number of Rows in it (i.e., len(list)) 
(iii) The length of single row gives the Number of Columns in it (i.c., len( list{n})) 


Ragged list. A list that has lists with different sha 
irregular 2d list, also known as a ragged list. 


For instance, following list () is a ragged list : 
L2=[[1, 2, 3], [5, 6] ] 


as its one element has a length as 3 while its second REGULAR STAY ONDINE SIONAL List = 
element is a list with a length of 2 elements. 


A regular two dimensional list is a list having 
Let us quickly learn how you can use a two lists as its elements and each elementclist has 


dimensional list. Please note that in the following the same shape i.e., same number of 
examples, we shall mostly be using regular 2D lists elements (length). 
unless specified explicitly. 


pes as its elements is also a 2d list but it is an 


8.7.1A Creating a 2D List 


To create a 2D list by inputting element by element, you can employ a nested loop as shown 
below: one loop for rows and the other loop for reading individual elements of each row. 
Lst=[] 
r= int(input ("How many rows?")) 
c = int (input ("How many columns?")) 
for iinrange(r) : 
= Each row is initialized as an empty list and then 
row = [] er elements are added to this row list 
for j in range(c) : 
elem = int(input("Element"+ str(i) +", "+str(j)+":")) 
row.append(elem) *———~ Integers being added to row 


Lst.append(row) oe 
row 


print("List created is :", Lst) 


list 


list is added as an element of 2d list 
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The sample run of above program is given below - 


How many rows? 3 
How many columns? 3 
Element 0, 0: 2 
Element 0, 1: 3 
Element 0, 2: 4 


Element 1, 0: 22 
Element 1, 1: 32 
Element 1, 2: 43 
Element 2, 0: 50 
Element 2, 1: 60 


Element 2, 2: 70 
List created is : [[2, 3, 4], [22, 32, 43, [50, 60, 70]] 


As you can see that above code has successfully created a regular 2D list having a size of 3x3. 


8.7.1B Traversing a 2D List 


To traverse a 2D list element by element, you can employ a nested loop as earlier : one loop for 
rows and another for traversing individual elements of each row (see below) 


# We have added following nested loop to previous code of 2d list creation 
print("List created is :") 


print("Lst = [") 
foriinrange(r) : 
print("\t[{", end="") 
for j inrange(c) : 
print( Lst[i][j], end=" ") 
print("]") 
print("\t]") 


The output produced is like : 


List created is : 
tSt = [ 


[2 3 4 i 
[:22. 32 43] 
[ 50 60 70] 


8.7.1C Accessing/Changing Individual Elements in a 2D List 
You can access individual elements in a 2D list by specifying its indexes in square brackets, e.g., 


To access 3rd row’s 3rd element from the 2D list namely Lst that we created in previous 
Sections, you will write : 


Lst(2][2] 
Indexes begin with 0 and go till n—1. 


athe the same syntax, you can also change a specific value in a 2D list as lists are mutable 
ypes, i.e., following statement will change the 3rd element of 2nd row to 345 : 


Lst[1][2] = 345 


Da 
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8.7.1D How a Two-dimensional List is Stored À 
You know that Python variables are not like storage containers rather they sto 
address where a certain value is located. You have read in class XI that lists al Sin Point 
(memory location) of each individual item stored in them. SO Store Tefen, the 


Lists are stored in memory exactly like Strings, exce 
: pt 


that because some of their objects are | 
others, they store a reference at e Saad than 
instead of single character as in Strings. Index 


Each of the individual items of the list are 
stored somewhere else in memory, 


Here lie the memory addresses of the 
individual items (stored somewhere else) 


Figure 8.7 How lists are internally stored. 


On the same lines, a 2D list stores references of its element lists at its indexes F 
figure 8.8 will make it clearer. : lowing 


01412 
TOL=1[3.6.4).[6,5.5]] fe, TOL= 0[3 6 4] 
[6 5 5] 


ov om 


Here lie the memory addresses of the individual items 


A (stored somewhere else) 


o TDL holds id i.e., the memory address of a list having len(TDL) ie., 2 elements in it 
9 TDL{i) holds id /.e., memory address of a one dimensional list having len(TDL{i]) elements 


So if integer values 3, 4, 5, 6, 7 are stored at memory locations as shown here. And id1 is at 
memory address 10110, id2 at 20300 and id3 at 20600, then internally TDL will be stored as : 


Storage will look like ee ~~ 3 ey 
; 20300 S \ ‘20600 ~*~ ya 
10110 : id2 rp ies i L? 
wo o [20300]. o SH, 0 Ari 
[iad a ey / | 1 a 
——aa te a4 je sf 


Figure 8.8 How 2D lists are internally stored. 
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the same way as regular 2D lists, ragged lists are also stored (see Fig. 8.9) 
In 
p= (27, 33. 19), (20, 29) ] ete ene 
Pa aae ibe 
P taid looo i i 
j id1 ie id2 | j id3 The regular 2D lists are the lists 
ee 0 Log 0 a ere having lists of same sizes as its 
P 1 [id3 | 1 | hl a elements and that means its 
2 19) rows have equal sizes. On the 
ee other hand, the ragged lists are 
Figure 8.9 Internal Storing of Ragged lists. also nested lists with rows of 
different sizes. re 
71E Slices of Two-dimensional Lists i a 
b The slicing rules of Python are applicable to 2D lists in the same way as you have applying to 
lists, tuples and other sequences. In a 2D array, you just need to be always aware that the top 
level list's elements are lists themselves. Following examples will make it clearer. 
>>> Lst = [[2, 3, 4], [22, 32, 43], [50, 60, 70], [9, 10, 11]] 
>>> Lst{ : 2] e—a giemems of Lst with index < 2 
[[2, 3, 4], [22, 32, 43]] 
A ee eee ibs 
>>> Lst[2: ] Elements of Lst with index >= 2 
[[50, 60, 70], [9, 10, 11]] 
a 
TA l Since the slice itself is a list, you can further apply slicing on 
1, What do you mean by the following it: 
terms ? g ; >>> Lst{2: 
(i) raw data (ii) data item [[50, 60, 70]] 
(iii) datatype (iv) data structure 
2. What do you understand by the i : , i 
following : Following figure (Fig. 8.10) illustrates it. 
(i) simple data structures 
(ii) compound data structures TOL = {9.6}, 15.5), [ 
(iii) linear data structures 
(iv) non-linear data structures ? TBL [o] 
3. When would you go for linear search in Chie mam es id2-__.__. pe: CE 
èn i) > i F ? PA $ 
- State condition(s) when binary search 1 | id3 |-+--- ES 6 ! 1 5 
1S applicable. 2 | id4 i 
Boe E P s | \ 
= a the efficient algorithm offered by i : N 
ython to insert element in a sorted Dal "Ss 
Sequence. i = ais ,. X 
Sta iti : a X=TDL[: 2 m SRS 
is ee when binary search _ ida n will give E as X id5 | i 
e | b 
Tra s |0 7. because TDL [:2] is 0 1 
Tat ds a list comprehension ? 1 [[9. 6}, [4. 5]]} 1L-4--7 
+ What is a ap list ? | ie. element0and | } 


; | element 1 of TDL. 
What is a nested list ? üi : 


1s Ragged list a nested list 2 


ro -a 


fice ©.20 Slicing a Multi-dimensional list. 


n aae 
rpari omi ns 


as. 
a 
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A data structure is a named group of data of different data types which can be 
Simple data structures are normally built from primitive data types. 
Simple data structures can be combined in various ways to form compound data Structures, The ompo 
Structures may be linear (whose elements form a sequence) and non-linear (which are Multi-level) und data 
A Linear list or an array refers to a named list of a finite number n of simil 
refers to a named collection of variables of different data types. 
Stacks are LIFO (Last In First Out) lists where insertions and deletions take 
Queues are FIFO (First In First Out) 
the “ front” end. 


Processed as a Single u 
nit, 


ar data elements whereas ast 
"Uctup 
e 


place only at One end, 


lists where insertions take place at “ rear” end and deletions take pla 


Ce at 
In linear search, each element of the array is compared with the 


for, one by one 
‘A List Comprehension is a concise description of a list that shorthands the list creating for | 
single statement. 


Oop in the form ofa 


given Item to be searched 


A list that has one or more lists as its elements is a nested list. 


A regular two dimensional list is a list having lists as its eleme 
Same number of elements (length). 


A list that has lists with different shapes as its elements is also a 2d list but it is an irregular 2d list, also known asq 
ragged list. 


nts and each element-list has the Same Shape į 
ie, 


Internally a 2D list stores references of its element lists at its indexes. 


£ Ddiective Type Questions 


Multiple Choice Questions 


E 


5 


ee 


What will be the output of the following Pytho 


ans ae 


e () 7 € < 


tl 


What will be the output of the following Python code ? 
= [18,23,56,[78, 10]] 
= list(a) 

(3][@] += 17 


print(b) 


a 
b 
a 


(a) [10,23,71,[95,10]] 


(b) [10,23,56,178, 251) 
(c) [10,23,56,[95, 10}] 


(d) [10,34,71,[78, 10]] 
n code ? 
lst1 = "hello" 


lst2 = list( (x.upper(), len(x)) for x in Isti ) 
print(1st2) 

(a) (H, 1), (E, 1), (i 1), (Li 1), (O, 1)] 
(b) [((HELLO’, 5)] 

(c) (CH’, 5), (E, 5), (L’, 5), (L, 5), (0,5 
(d) Syntax error 


)] 


1 


p 
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chop!®" di 
t will be the output of the following Python code ? 
5 Wha 3,4,6,1,2] 
jst = [3, d i ; 
yst[1:2] = 17° 
print (lst) 
@ 3,7, 8, 6, 1, 2] (b) Syntax error 
(0) (3 17, 8b & 121 (d) [3, 4, 6, 7, 8] i 
what will be the output of the following Python code snippet ? l! 
A. k= [print (i) for i inmy_string if i not in “aeiou"] i 
(a) prints all the vowels in my_string (b) prints all the consonants in my_string I 
(c) prints all characters of my_string that aren’t vowels iff 
| 


(d) prints only on executing print(k) Hi | 
5, Which of the following is the correct expansion of list_1 = [expr(i) for i in list_0 if func(i)] ? ninien | 


(a) list1=[] 
for i in list_@: i 
if func(i): UAN i 
list_1.append(i) Aint 
(b) fori in list_@: 
if func(i): 
list_1.append(expr(i)) 
(c) list_1= ia 
for i in list_®: 
if func(i): 
list_1.append(expr(i)) 
(d) none of these 


Fill in the Blanks Hi 


1. A_____ is anamed group of data of different data types which can be processed as a single unit. 

2. In______, each element of the list is compared with the given item to be reached for, one-by-one. 

3. A_____is a concise description of a list creation for loop. 

4. A_ _ has lists as its elements. Ht ii i 
5 A_____nested list has same shape of all its element-lists. Hit 


True/False Questions 


l. 2D lists can only contain lists of same shapes. 


2 


3 


» Stacks can be implemented using lists. 


: Lists where controlled insertions and deletions take place such that insertions at the rear end and 
deletions from the front end, are queues. 


4, 3 
A ragged list has same shape of all its elements. 


5; 
A regular 2D list has same shape of all its elements. 


NOTE . 
‘<= Answers for OTQs are given at the end of the book. 


a 
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Solved Problems 
1. What is a Data Structure ? 
Solution, A data structure is a logical way of organizing data that makes them efficient t 
A 3 £ . ° 0 
Different data structures are suited to different types of applications, and some are hi Use, 
specialized to specific tasks. For instance, stacks are best suited for reversal applications or es: hl j 
. . TSiy, 
applications. ae 
2. Compare a data type with a Data structure. 
Solution. A Data type defines a set of values along with well-defined Operations Stating ; 
input-output behavior e.g., you cannot put decimal point in an integer or two strings cannot a 
multiplied etc. 
On the other hand, a Data structure is a physical implementation that clearly defines way of storin 
accessing, manipulating data stored in a data structure. The data stored in a data structure has a 
specific data type e.g., in a stack, all insertions and deletions take place at one end only, 
3. What are linear and nonlinear data Structures ? 
Solution. Linear Data structure. A data structure is said to be linear if its clements form a sequence 
or a linear list, e.g., Arrays or linear lists, Stacks and Queues etc. 
Non-Linear Data structure. A data structure is said to be non-linear if traversal of nodes is nonlinear 
in nature, e.g., Graphs, Trees etc. 
4. 


In general, what common operations are performed on different Data Structures ? 
Solution. Some commonly performed operations on data structures are : 
(i) Insertion. To add a new data item in the given collection of data items. 
(ii) Deletion. To delete an existing data item from the given collection of data items. 
(iii) Traversal. To access each data item exactly once so that it can be processed. 
(iv) Searching. To find out the location of the data item if it exists in the given collection of data 
items. 
(v) Sorting. To arrange the data items in some order i.e., in ascending or descending order in 
case of numerical data and in dictionary order in case of alphanumeric data. 
What purpose Linear lists data structures are mostly used for ? 


Solution. Linear lists data structures are used to store and process elements that are similar in typ 


and are to be processed in the same way. For example, to maintain a shopping list, a linear list m3) 


. Š : . Bs ad, it 
be used where items to be shopped are inserted to it one by one and as soon as an item is shoppe 
is removed from the list. 


Consider the following similar codes (carefully g 
(i) NList = [ 68, 32, 13, ‘hello’ ] 

print(NList(1], NList[-2]) 
NList.append( 15 ) 
print( len(NList) ) 
print( len(NList[3]) ) 
NList.pop(3) 
NList.sort() 


0 through these) and predict their outputs. 


pe 
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nList-insert(2, [14, 15] ) 
nList [3] += NList[4] 
nList[3] += NList[2][1] 
print (NList[3]) 

NList .pop() 

nList[2] -remove(14) 

print (NList) 


NList = [ 68, 32, 13, ‘hello’ J i | 
print(NList[1], NList[-2]) i 
NList.append( 15 ) 
print( len(NList) ) 
print( len(NList[3]) ) 
NList.pop(3) 
NList.insert(2, [14, 15] ) 
NList(3] += NList[4] 
NList[3] += NList[2][1] 
print (NList(3]) | | 
NList[2].remove(14) HA tet | 
print(NList) i E 
Solution. F 
(i) 3213 : (ii) 32 13 thd 
5 5 i 
5 5 
107 43 i 
[13, 15, [15], 107] (60, 32, [15], 43, 15] Hi 


(ii) 


7. What will be the output produced by following code ? 
e (60, te" ,. 2's e 181 
print(text) 
vowels = "aeiou" 
newText= [ x.upper() for x in text if x not in vowels ] 
print(newText) 
Solution. 
Cn, ser, 1%, “1, for] 
CH, See A 
What is a list comprehension ? How is it useful ? 
Solution. A List Comprehension is a concise description of a list that shorthands the list creating for 
loop in the form of a single statement. 
List comprehensions make the code compact and are faster to execute. 


9, edici +} 
Predict the output. 


(i) LA = [1, 4, 9, 16, 25, 36, 49, 64, 81, 102] 
LB = [num/3 for num in LA if num % 3 == @] 
print(L8) 


(i) (x + y for x in ‘ball’ for y in 'boy'] 


k 


10. 


il. 
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(iii) li = [1, 2, 3, 4, 5, 6, 7, 8, 9] ee 
k = [elem1*elem2 for elem in li if (elemi - 4) >1 for elem2 in li[:4] ] | 
print(k) | 
Solution. | 
() [3.0, 12.0, 27.0] in Gace. d | 
(ii) ['bb’, ‘bo’, ‘by’, ‘ab’, ‘a0’, fay’, 1b’, lo ’ ly » ‘Ib y lo’, “y') | 
(ii) [6, 12, 18, 24, 7, 14, 21, 28, 8, 16, 24, 32, 9, 18, 27, 36] j 
What is the difference between a regular 2D list and a ragged List ? 
Solution. A regular two dimensional list is a list having lists as its elements and each element-list is 
the same shape i.e., same number of elements (length). 
On the other hand, a list that contains lists with different shapes as its elements is also a 2D lis 


is an irregular 2D list, also known as a ragged list. 
For instance, in the example code below List1 is a regular 2D list while List2 is a ragged list: 


The Investiture Ceremony is a prestigious event in every school’s calendar wi:zzcin the school formally 


| 

| 

| 

| 

| 

t but it 

| 

| 

entrusts responsibilities on the ‘young student leaders’. | 


At MySchool, the list STL stores the names of all the students of class XI who have applied for the various 
School Leaders posts. Out of these, school leaders will be selected. 


Students need to register their name through an online application form available on school’s website. Ideally 


the name should be in the form such that First name and Last name have their first letter capitalized and rest of 
the letters in lowercase. 


But not all students are careful when entering their names, so the names can appear with incorrectly 
capitalized letters. 


For example : 


STL = ['Meesha Jain’, ‘khushi khan', 'Raman Singh’, 'yashi Sheril'’] 


Write a program that provides functions for 


(i) selecting only those correctly entered entries where the first letters of the first name and last 
name are capitalized. 


(ii) selecting only the incorrectly entered names. | 
(iii) returning a list with corrected names. 
Solution. 


def select_errors(STL): 
newList = [] 
for record in STL: 
name_surname = record.split(' ') 
name = name_surname[@] 
surname = name_surname[1] 
if name[@] -islower() or surname 


newList. append(record) 
return newList 


[0].islower(): 


L 


= 
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def select_correct(STL) : 
newList = [] 
for record in STL: 
name_surname = record.split(' ') 
name = name_surname[@] 
surname = name_surname[1] 
if not name[@].islower() and not surname[@].islower(): 
newList.append(record) 
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return newList 


def correct_entries (STL): 
newList = [] 
for record in STL: 
name_surname = record.split(' ') 
name = name_surname[®] 
surname = name_surname[1] 


newList.append(name.capitalize() + ' ' + surname.capitalize()) 


return newList 


#_ main 
STL = [] 
ch = 0 
while (ch != 4): 
print("\t----") 
print ("\tMENU" ) 
print("\t----") Hitt 


print("1. Apply for the School Post") 
print("2. List of all applicants") | 
print("3. Correct the Incorrect Entries") 
print("4. Exit") 
ch = int(input("Enter your choice (1-4):")) 
if ch = 1 : 
name = input("Enter your name : ") 
STL. append (name) 
elif ch == 2 : 
print("Students applied so far:") 
print(STL) 
elif-ch == 3: 
ok_entries = select_correct (STL) 
error_entries = select_errors(STL) 
corrected_entries = correct_entries(STL) 
print("Correctly entered names:", ok_entries) } 
print("Incorrectly entered names:", error_entries) 
print("Corrected names ny corrected_entries) 
elif ch !=4: 
print("valid choices are 1. .4:") 
else: 


print ("THANK YOU") 
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Sample run of above program is : 


MENU 


— 


1. Apply for the School Post 

2. List of all applicants 

3. Correct the Incorrect Entries 
4. Exit 

Enter your choice (1-4): 1 
Enter your name : Meesha Jain 


— 


MENU 


Enter your choice (1-4): 1 
Enter your name : khushi khan 


muu 


MENU 


Enter your choice (1-4): 2 
Students applied so far: 
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MENU 


Enter your choice (1- 


ays i 
Enter your name 


* Raman Singh 


MENU 


1. Apply for the Schoo] Post 
2. List of all applicants 


3. Correct the Incorrect Entrie 
4. Exit 


Enter your choice (1-4); 4 
Enter your name : yashi Sheri] 


['Meesha Jain', ‘khushi khan', ‘Raman Singh’, "yashi Sheril'] 


MENU 


Enter your choice (1-4): 3 


Correctly entered names: ['Meesha Jain', "Raman Singh'] 
Incorrectly entered names: ['khushi khan', 'yashi Sheril'] 


Corrected names : 


GLOSSARY 
— 


Data item 

Data structure 

Linear data structures 
Linked list 


Queue 


Simple data structures 


Sorting 
Stack 
Traversal 


Tree 


Single unit of values of certain type. 


Named group of data of some data types. 


: ["Meesha Jain', ‘Khushi khan', ‘Raman Singh', 'Yashi Sheril'] 


Single level data structures representing linear relationship among data. 
A list of linked elements by means of pointers. 
A FIFO (First In First Out) list, 


Dato structures normally built from primitive data types. 


Arranging elements of a data structure in some order (ascending or descending). 


A LIFO (Last In First Out) list. 


Processing each and every element of a dato structure. 


A multilevel dato structure representing hierarchical relationship among its dato. 


~X 
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™ A: Short Answer Questions/Conceptual Questions 


What are data structures ? Name some common data structures 
Js data structure related to a data type ? Explain. 


What do you understand by linear and non-linear data structures ? 

Name some linear data structures. Is linked list a linear data structure ? 

What is the working principle of data structures stack and queues ? 

What is a linear list data structure ? Name some operations that you can perform on linear lists. i 
Suggested situations where you can use these data structures: (i) linear lists , (ii) stacks, (iii) queues. i HEH | 
What is a list comprehension ? How is it useful ? i | 
Enlist some advantages of list comprehensions. 

In which situations should you use list comprehensions and in which situations you should not use list ih Hat 
comprehensions ? iit 
What is a nested list ? Give some examples. 

What is a two dimensional list ? How is it related to nested lists ? 
Suggest a situation where you can use a regular two dimensional list. 


What are ragged lists ? How are these different from two dimensional lists ? 
Suggest a situation where you can use ragged list ? 

How are lists internally stored ? How are 2D lists internally stored ? bt 
Consider the following code and show how internally the memory is assigned to these qi 


Lista = [2, 3] Ht 
List2'= [3,.4,; 5] Wh 
List3 = [List1, List2] 

Assume that the numbers 1..10 are stored in the memory addresses 16000 onwards, each consuming 16 

bytes of memory. 


B : Application Based Question 


Create a list SqLst that stores the doubles of elements of another list NumLst. Following code is trying 
vill be stored in SqLst after following code ? 


to achieve this. Will this code work as desired ? What y 
NumLst = [2, 5, 1, 7, 3, 6, 8, 9] 
SqLst = NumLst * 2 


Change the above code so that it works as stated in previous question. 

Modify your previous code so that SqLst stores the doubled numbers in ascending order. 

Consider a list ML = [1, 4, 9, 16, 25, 36, 49, 64, 81, 100]. Write code using a list comprehension that takes 
the list ML and makes a new list that has only the even elements of this list in it. 


Write equivalent list comprehension for the following code : 


target1 = [] 
for number in source: 
if number & 1: 
target1.append (number) 
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6. Write equivalent for loop for the following list comprehension : 

gen = (i/2 for i in [@, 9, 21, 32]) 

print(gen) 


7. Predict the output of following code ìf the input is : 
(i) 12, 3, 4,5, 7, 12, $, 23, 12 (ii) 8, 9, 2, 3, 7, 8 
Code : 
S = eval(input("Enter a list 2") 
n = len(s) 
t= s[1:n-1] 
print(s[@]==s[n-1] and t.count(s[@])==0) 
8. Predict the output : 
def h_t(NLst): 
from_back = NLst.pop() 
from_front = NLst.pop(@) 
NLst. append(from_front) 
NLst. insert (8, from_back) 
NLst1 = [ [21, 12), 31] 
NLst3 = NLst1.copy() 
NLst2 = NLst1 
NLst2[-1] =5 
NLst2.insert(1,6) 
h_t(NLst1) 
print(NLst1[@], NLst1[-1], len(NLst1)) 
print(NLst2[@], NLst2[-1], len(NLst2)) 
print(NLst3[@], NLst3[-1], len(NLst3)) 
°. Predict the output : 
ages = [11, 14, 15, 17, 13, 18, 25] 
print(ages) 
Elig = [x for x in ages if x in ran 
print(Elig) 
10. Predict the output : 


ge(14, 18)] 


L1 = [x ** 2 for x in range(10) if x % 3 == o] 
L2 = L1 

L1.append(len(L1)) 

print(L1) 

print(L2) 

L2.remove(len(L2) =) 

print(L1) 


Lt. Predict the output : 
def even(n): 
return n % 2 == 
list1 = (1,2,3,4,5,6,7,8,9] 
ev = [n for n in listi if n % 2==0] 


evp = [n for n in list1 if even(n) ] 
print(evp) 
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ict the output. 
12. “ts b= [[9,6] [4,5],[7,7]] 
x = b[:2] 
x. append(10) 
print (x) 


(ii) b= [(9,6],[4,5],[7,7]] 
x = b[:2] 
x[1].append(10) 
print(x) 


13. Find the Error. Consider the following code, which runs correctly at times but gives error at other times. 
l Find the error and its reason. 


Lst1 = [23, 34, 12, 77, 34, 26, 28, 93, 48, 69, 73, 23, 19, 88] 
Lst2 = [] ! 
print("List1 originally is:", Lst1) 
ch = int(input("Enter 1/2/3 and predict which operation was performed?")) ii} 
if ch == 1: 
Lst1.append(10@) 
Lst2.append(10@) 
elif ch == 2: 
print(Lst1.index(1@@) ) 
| print(Lst2.index(10@) ) 
elif ch == 3: 
print(Lst1.pop()) 
print(Lst2.pop()) 


= 


4. Suggest the correction for the error(s) in previous question's code. 


o 


5. Find the error. Consider the following code(s) and predict the error(s): 
(i) y for y in range(100) if y % 2 = 0 and if y % 5 = 0 
(it) (y for y in range(100) if y % 2 = 0 and if y % 5 = 0) 
- Find the error in the following list comprehension : 
["good" if i < 3: else: "better" for i in range(6)] 


* Suggest corrections for the errors in both the previous questions. 


Type C ; Programming Practice/Knowledge based Questions 

l. Write a program that uses a function called find_in_list( ) to check for the position of the first occurrence 
of v in the list passed as parameter (Ist) or -1 if not found. The header for the function is given below : 
def find_in_list (1st, v ): 

"Ist - a list 

| V - a value that may or may not be in the list """ 

| plement the following function for a linear list, which find outs and returns the number of unique 

ements in the list 


| def unique(1st): 
| 
| 


2. Im 
el 


nuy 


passed parameter lst is a list of integers (could be empty). 
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After implementing the above function, test it with following 


above function along with the reason for that vutput. 

(i) lst=[] (ii) Ist = [1,2,3] (iii) Ist = [1,2,2] (iv) Ist = [1,2,2,3,3] 
Use a list comprehension to create a list, CB4. The comprehension should consist of 
numbers 1 through 10 only if the cube is evenly divisible by four. Finally, 
Note that in this case, the cubed number should be evenly divisible by 4, 
Take two lists, say for example these two : 

a= [1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89] 

b = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13] 
and write a program that returns a list that contains only the elements that are c 
lists (without duplicates). Make sure your program works on two lists of differe 
one line of Python using at least one list comprehension. Run the complete progra 


lists and show the outp 
ut Prody 
ced h 
y 


i the cub 
Print that list to the : 


not the Original Duttbes 


ommon between the 
nt sizes. Write this į 
m and show output, 
Suppose we have a list V where each element represents the visit dates for a 
month. We want to calculate the highest number of visits made by 
MVisit(Lst) to do this. 
A sample list (V) is shown below : 

V= [[2;, 6], [3, 10], [15], [23], [1, 8, 15, 22, 29], [14]] 
For the above given list V, the function MVisit() should return the result as [1, 8, 15, 22, 29}, 


Particular patient in the last 
any patient. Write a function 
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9.1 


9.1 Introduction 
9.2 Stacks 


9.3 Queues 


INTRODUCTION 


The term data structure refers to a data collection with well defined operations and behaviour 
or properties. A stack is a linear structure implemented in LIFO (Last In First Out) manner 
where insertions and deletions are restricted to occur only at one end - stack’s top. LIFO means 
element last inserted would be the first one to be deleted. The stack is also a dynamic data 
structure as it can grow (with increase in number of elements) or shrink (with decrease in 
number of elements). 

A Queue is also a linear dynamic structure implemented in FIFO (First In First Out) manner 
where insertions can occur at the “rear” end, and deletions occur only at “front” end. FIFO means 
elements are deleted in the same order as they are inserted into. 

This chapter will talk about stacks and queues data structures and how you can implement 


them in Python using lists. 


—y 
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9.2 STACKS 
A stack is a linear structure implemented in LIFO (Last In First Out) manner where į 
and deletions are restricted to occur only at one end - Stack’s top. LIFO means elen tiong 
inserted would be the first one to be deleted. Thus, we can say that a stack is a list Pein last 
follows these rules : ata that 


1. Data can only be removed from the top (pop), i.e., the element at Tò see 
the top of the stack. The removal of element from a stack is i 
technically called POP operation. 


A new data element can only be added to the top of the stack 


(push). The insertion of element in a stack is technically called 
PUSH operation. 


nN 


Consider Fig. 9.1 that illustrates the operations (Push and Pop) on a stack. 


element at the 


element 
top popped 


Popped 
top 


top 
top = None 


(a) Stack empty (b) Push '32' (c) Push'18' (d) Pop 1 element (e) Push 29 (f) Pop 1 element 


Notice, all stack operations - Push or Pop-take place at one end-the stack's top 


Figure 9.1 Stack operations - Push and Pop. 


The stack is a dynamic data structure as it can grow (with war EE he 
` p á 2 ‘ A is a linear . 
increase in number of elements) or shrink (with decrease in saat odin 

number of elements). A static data structure, on the other 


manner where insertions and 
hand, is the one that has fixed size. deletions are restricted to occ! 


only at one end - Stack’s top. 


Other Stack Terms 


There are some other terms related to stacks, such as Peek, Overflow and Underflow. 


. . i i is also 
Peek Refers to inspecting the value at the stack’s top without removing it- It 
sometimes referred as inspection. 
is full- 
; ; ; . woe - that 15 fu 
Overflow Refers to situation (ERROR) when one tries to push an item in stack th 3 


a 
TA : A Siap ow fu 
This situation occurs when the size of the stack is fixed and cannot 8" 


or there is no memory left to accommodate new item. 43 


» 


Underflow Refers to situation (ERROR) when one tries to 
pop/delete an item from an empty stack. That is, 


stack is currently i ite : 
ently having no item and still one astack andi 
tries to pop an item. sol 


iis p” 


insertion 
The technical terms for $ „stack? 
eletion-from 
respectively: 


ye ee A 
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chop!" na? 
some examples illustrating stack-functioning in limited-size stack. (Please note, we 


Consider : 
d fixed the capacity of the stack for understanding purposes.) 


have boun 


4 | Given a Bou nded Stack of capacity 4 which is initially empty, draw pictures of the stack after each of the 


; niig steps. Initially the Stack is empty. 
Í 


(i) Stack is empty (ii) Push ‘a’ (iii) Push ‘b’ (iv) Push ‘c’ 
(2) Pop (vi) Push ‘d’ (vii) Pop (viii) Push ‘e’ 
(ix) Push ip (x) Push (xi) Pop (xii) Pop 

(xiii) Pop (xiv) Pop (xv) Pop 
Solution. 
(i) Stack is empty ( top = None) (vii) Pop top=1 
0 1 2 3 0 1 2 3 
alele ei 
F 3i 
(ii) Push ‘a’ top=6 [a] 
0 1 2 B (viii) Push ʻe? top=2 


aT wee 0 1 2 

a | b | e 

(iif) Push ‘b? top=1 f 
oO å 2 8 (ix) Push ‘f? top=3 


[aloe] | | 0 1 2 3 
|aļlolelt 


a 


(iv) Push ‘c? top=2 


o 1 2 8 (x) Push ‘g’? top=3 


pa fe 0 1 2 3 
| Ca Te Te Ls Semone 
(2) Pop top =1 f 7 


3 [OVERFLOW because tle stack is bounded, it cannot 
grow. If it could grow, then there would have been no 

li | OVERFLOW until no memory is left. 

N In Python, (for stacks implemented through lists) since 

Lists can grow, OVERFLOW condition does not arise 
until all the memory is exhausted.] 


(vi) Push ‘d’ top =2 (xi) Pop top = 2 


0 1 2 3 
pa 2 3 (alelet ak 
PINTU i T 

iF 
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top =7 


(xii) Pop top=1 (xiv) Pop top = None 


| 
6 a2 3 | 0 i 2 3 
Po] | AA 
T ; f 


aooo D 


(xiii) Pop top=0 (xv) Pop top = None 


| 
| 0 1 2 3 


9.2.1 Implementing Stack in Python 


In Python, you can use Lists to implement stacks. Python offers us a convenient set of methods 
to operate lists as stacks. 


For various stack operations, we can use a list say Stack and use Python code as described 
below : 


Peek We can use: <Stack> [top] 
where <Stack> is a list ; top is an integer having value equal to len(<Stack>) - 1, 


Push We can use: <Stack>.append(<item>) 
where <item> is the item being pushed in the Stack. 


Pop We can use: <Stack>.pop() 
it removes the last value from the Stack and returns it. 


Let us now implement a stack of numbers through a program. 
def Push(stk, item) : 


9.1 Python program to implement stack operations, 


HHHHHHHHHHHE H STACK IMPLEMENTATION — #HtHHHHHHHHHHHH 


Stack: implemented as a list 


top : integer having position of topmost element in Stack 


def isEmpty( stk ) : 
if stk==[]: 
return True 
else: 
return False 


pe SSS SES 
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def push(stk, item) : 
stk. append (item) 
top = Jen(stk) -1 
def pop(stk) : 
if isEmpty(stk) : 
return "Underflow" 
else: 
item = stk.pop() Sash 
if len (stk) ==@: Hl i 
top = None it ji 
else : ii aliy 
top = len(stk) - 1 aa 
return item Wa iis! 


def Peek(stk) : 
if is Empty(stk) : 
return "Underflow" 
else: 
top = len(stk) - 1 
return stk[top] 
def Display(stk) : 
if isEmpty(stk) : 
print("Stack empty") 
else: 
top = len(stk) -1 
print(stk[top], "<—top") 
for ainrange(top-1, -1,-1): 
print(stk[a]) 
#_ main__ 
Stack = [] # initially stack is empty 
top = None 


while True : Hi 
print ("STACK OPERATIONS") iii 
print("1. Push") iida 
print("2. Pop") | ii 1; 
print("3. Peek") iiie ifn. 
print("4, Display stack") te 
print("S. Exit") hl 
ch = int (input ("Enter your choice (1-5) :")) ate 
if ch == 1: $ tiai 
item = int(input("Enter item :")) 
Push(Stack, item) 
elif ch ==2 ; 
item = Pop(Stack) 
if item == "Underflow" : 


print("Underflow! Stack is empty!") 
else; 


print(“Popped item is", item) 


elif ch==3: 
item = Peek (Stack) 
if item == "Underflow" : 
print ("Underflow! 
else: 
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Stack is empty!") 


print("Topmost item is”, item) 


elif ch==4: 
Display(Stack) 

elif ch==5: 
break 

else: 
print("Invalid choice! 


") 


Sample run of the above program is as shown below : 


STACK OPERATIONS 

. Push 

. Pop 

. Peek 

. Display stack 

. Exit 

Enter your choice (1-5) :1 
Enter item :6 


UbWwWNnNe 


STACK OPERATIONS 

Push 

Pop 

Peek 

Display stack 

. Exit 

Enter your choice (1-5) :1 
Enter item :8 


nrwn eH 


STACK OPERATIONS 

Push 

Pop 

Peek 

. Display stack 

. Exit 

Enter your choice (1-5) :1 
Enter item :2 


nawn 


STACK OPERATIONS -STACK OPERATIONS 
1. Push 1. Push 
2. Pop 2. Pop 
3. Peek © 3. Peek 
4. Display stack 4. Display stack 
5. Exit 5. Exit 


Enter your choice (1-5) :1 Enter your choice (1-5) :4 


Enter item :4 


4 <- top 

i 2 
STACK OPERATIONS 8 
1. Push 6 
2. Pop 
3. Peek STACK OPERATIONS 
4. Display stack 1. Push 
5. Exit 2. Pop 
Enter your choice (1-5) :4 3. Peek 
4 <- top 4. Display stack 
2 5. Exit 
8 enter your choice ( 
6 


STACK OPERATIONS 

. Push 

. Pop 

. Peek 

. Display stack 

~ Exit 

Enter your choice ( 1-5) :3 
Topmost item is 4 


— 


nawn 


~X 
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p 
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yp sn : 7 
An item sporedi 9 dack is also called item-node sometimes. In the above implemented stack, 
the stack contained item-nodes containing just integers. If you want to create stack that may 
contain logically group information such as member details like : 
etc. For such a stack the item-node will be a list cont 


will be entered as an item to the stack. ( 


member no, member name, age 


aining the member details and then this list 
See figure 9,2 below). 


item-node item-node 
being pushed being pushed 


(a) Stack of integers 


2 (b) Stack of characters 
(item-node type : integer) (item-node type : string) 


(31, ‘Zubin’, 28] 


item-node 
being pushed 


29, 'Shreya’, 30 


13, ‘Rohan’, 35 


(c) Stack of logically related information 
(item-node type : a list) 


Figure 9.2 Different types of stack item-nodes. 


© For stack of Fig. 9.2(a), the stack will be implemented as Stack of integers as item-node is of 
integer type. 


© For stack of Fig, 9.2(b), the stack will be implemented as Stack of strings as item-node is of 
string type. 


© For stack of Fig. 9.2(c), the stack will be implemented as Stack of lists as item-node is of list hh i 
type. Solved problem 20 implements such a stack. Hi 


9.2.2 Stack Applications! . Hi 


There are several applications and uses of stacks. The stacks are basically applied where LIFO i Hi 
(Last In First Out) scheme is required. i} 


9.2.24 Reversing a Line 


Asimple example of stack application is reversal of a given line. We can accomplish this task by 
Pushing each character on to a stack as it is read. When the line is finished, characters are then 


. N 5 p 
rie 5 other applications of stacks include : mui ‘ 5 
( he Compilers use stacks to store the previous state of a program when a function is called, or during recursion. 
` ) One of the most important applications of Stacks is backtracking. Backtracking is used in large number of puzzles like 
Queen Problem, Sudoku etc and optimization problems such as knapsack problem. 


a 
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popped off the stack, and they will come off in the reverse order as shown in Fig, 9,3, The sii 
n 


line is : Stack 


L E 
|. Push Sin er a % ep 
empty stack VII. Pop k =A 
Il. Push t Ep es 
a "A P 
ame, Vill, Pop c came EE 
Ill. Push ' es | 
aie oy Eat 
en gs 
CE ep) 
IV. Push c = eepe = 
Pa 
X. Popt En E 
ms 
g 
1 s. =a 
Lot of a line ies fe 
using stack. VI. End-of-line 


9.2.2B Polish Strings 

Another application of stacks is in the conversion of arithmetic expressions in high-level 
programming languages into machine readable form. As our computer system can only 
understand and work on a binary language, it assumes that an arithmetic operation can take 
place in two operands only e.g, A + B, C x D, D/A etc. But in our usual form an arithmetic 
expression may consist of more than one operator and two operands e.g., (A + B) x C (DIQ +D): 
These complex arithmetic operations can be converted into polish strings using stacks whi 
then can be executed in two operands and a operator form. 


Polish string, named after a polish mathematician, Jan Lukasiewicz, refers to the notation in which 
the operator symbol is placed either before its operands (prefix notation) or after its operands 
(postfix notation) in contrast to usual form where operator is placed in between the operands 
(infix notation). 


Following table shows the three types of notations : 


Table 9.1 Expressions in infix, prefix, postfix notations 


Infix notation Prefix notation 


A+B + AB 
(A-C)x B x- ACB 
A+(Bx C) + Ax BC 

(A+ B)/(C- D) /+AB-CD 
(A+(Bx C))/(C-(Dx B)) [+ Ax BC-Cx DB 


Postfix notation 


AB+ 
AC- Bx 
ABCx + 

AB+CD-/ 
ABCx +CDBx -1 


p SESEO 
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ion of Infix Expression to Postfix (Suffix) Expression 

Ca le evaluating an infix expression, there is an evaluation order according to which 
| Brackets or Parenthesis, 

Il Exponentiation, 

{I Multiplication or Division, 

jv Addition or Subtraction 


take place in the above specified order. The operators with the same priority (¢.g., x and/) are 
evaluated from left to right. 

To convert an infix expression into a postfix expression, this evaluation order is taken into 
consideration. 

An infix expression may be converted into postfix form either manually or using a stack. The 
manual conversion requires two passes : one for inserting braces and another for conversion. 
However, the conversion through stack requires single pass only. 


The steps to convert an infix expression into a postfix expression manually are given below : 
(i) Determine the actual evaluation order by inserting braces. 
(i) Convert the expression in the innermost braces into postfix notation by putting the 
operator after the operands. 
(iii) Repeat step (ii) until entire expression is converted into postfix notation. 
Example 9.2 Convert (A+ B)x C/ D into postfix notation. 
Solution. 
Step I: Determine the actual evaluation order by putting braces 
=((A+B)xC)/D 
Step II : Converting expressions into innermost braces 
. =((AB +)xC)/D =(AB+Cx)/D=AB+CxD/ 
Example 9.3 Convert ((A+ B)* C/ D+ E^ F)/G into postfix notation. 
Solution. The evaluation order of given expression will be 
=((((A + B) * C) / D) + (E ^ F))/G 
Converting expressions in the braces, we get 
=((((AB +) * C) / D) + (EF ^)) /G 
=(((AB +C *)/D)+EF ^)/G 
=((AB+C* D/)+EF *)/G=(AB+C* D/EF* +)/G 
i =AB+C*D/EF* +G/ 
“ample 9.4 Give postfix form of the following expression 
A*(B+(C+ D)*(E+ F)/G)*H 
Evaluation order is 
(A*(B+((C + D)*(E+ F))/G))*H 


Solution, 


a 


may 
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Converting expressions in the braces, we get 
=(A*(B+[(CD +) *(EF +)]/G))* H=A*(B+(CD+EF + *)/G* 
=A*(B+(CD+EF +*G/))* H=(A*(BCD+ EF +*G/+))*H 
=(ABCD+ EF +*G/+*)* H=ABCD+EF+*G/+* H* 
EXAMPLE 9.5 Give postfix form for A+[(B+C)+(D+ E)* F]/G. 
Solution. Evaluation order is : A+[{(B+C)+((D+ E) * F)}/G] 
Converting expressions in braces, we get 
=A+[{(BC +) +(DE +)* F}/G]=A+[{(BC +) + (DE + F *)}/G| 
=A+[{BC+DE+F*+}/G]=A+[BC+DE+F*+G/] 
= ABC+DE+F*+G/+ 
EXAMPLE 9.6 Give postfix form of expression for the following : NOT A OR NOT B NOT C 
Solution. The order of evaluation will be 
((NOT A) OR ((NOT B) AND (NOT C)) ) 
(As priority order is NOT, AND, OR) 
=((ANOT) OR ((BNOT) AND (C NOT))) 
=((ANOT) OR ((B NOT CNOT AND)) 
=ANOT BNOT CNOT AND OR 


While converting from infix to prefix form, operators are put before the operands. Rest of the 
conversion procedure is similar to that of infix to postfix conversion. 


Algorithm to Convert Infix Expression to Postfix Form 


The following algorithm transforms the infix expression X into its equivalent postfix expression 
Y. The algorithm uses a stack to temporarily hold operators and left parentheses, The postfix 
expression Y will be constructed from left to right using the operands from X and the 
operators which are removed from STACK. We begin by pushing a left parenthesis onto 
STACK and adding a right parenthesis at the end of X. The algorithm is completed when 


STACK is empty. 
Algorithm Infix to Postfix Conversion using Stack 


Suppose X is an arithmetic expression written in infix notation. This algorithm finds the equivalent 
postfix expression Y. 


1. Push"(" onto STACK, and add ") "to the end of X. 


2. Scan X from left to right and REPEAT Steps 3 to 6 for each element of 
X UNTIL the STACK is empty : 


3. Ifan operand is encountered, add it to Y. 
If a left parenthesis is encountered, push it onto STACK. 
If an operator is encountered, then : 


(a) Repeatedly pop from STACK and add to Y each operator (on the top 
of STACK) which has the same precedence as or higher precedence 
than operator, 
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chop!" 
(b) Add operator to STACK. 


'''Endof If structure''' 
6. Ifaright parenthesis is encountered, then : t 


(a) Repeatedly pop from STACK and add to Y each operator (on the top 
of STACK) until a left parenthesis is encountered. 


(b) Remove the left parenthesis. [Do not add the left parenthesis to yJ- 
'''End of If structure''' 
''' End of Step 2 Loop''' 
7. END. 


jabular form- 
Solution. 


169.7 Convert X: A+ (B*C-(D/E^ F)*G)* H into postfix form showing stack status after every step in 
pame se 

| 

| 

| 

| 


1. A 

2. A 

3. A 

4. AB 

5. AB 

é ABC 

yi ABC* 

8. ( A BC * 

oe AB D 

10. / AB D 

11. E AB DE 

12, A AB DE 

3 F AB DEF 

u. ) AB DEF*/ 

15. * AB D E F2} 

16 G AB D EFG 

1. ) AB DEPSJGYS 
18. + AS DEFYG*- 
19, AB DEFNG*=H 
y. ABC*DEFNG*-H*+ 


Ad i 
vantage of Postfix Expression over Infix Expression 


An infix expression is difficult for the machine to know and keep track of precedence of 
°perators. On the other hand, a postfix expression itself determines the precedence of operators 
(as the placement of operators in a postfix expression depends upon its precedence). Therefore, 
for the machine it is easier to carry out a postfix expression than an infix expression. 


a 
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Evaluation of a postfix Expression using stacks 


As postfix expression is without parenthesis and can be evaluated as two oper 


operator at a time, this becomes easier for the compiler and the computer to hand] be Sa d k 
rule of a postfix expression states : Uation 
© While reading the expression from left to right, push the element in the stack jee. 

operand ; Tis an 
© pop the two operands from the stack, if the element is a binary Operator. In Case of 

Operator, pop one operand from the stack and then evaluate it (two Operands . No 

operator). Nd an 


© Push back the result of the evaluation. Repeat it till the end of the expression. 


For a binary operator, two operands one popped from stack and for a unary Operator, o 
operand is popped. Then, the result is calculated using operand(s) and the Operator. E 
pushed back into the stack. i 


Algorithm Evaluation of Postfix Expression 


Reading of expression takes place from Left to right''' 
1. Read the next element ''' first element for the first time''' 
2. If element is operand then 
Push the element in the stack 
3. Ifelement is operator then 


{ 
4. Pop two operands from the stack 
"'*POP one operand in case of unary operator''' 
5. Evaluate the expression formed by the two operands and the operator 
6. Push the result of the expression in the stack end 
} 


7. Ifno-more-elements then 
POP the result 
else 


go to step 1. 
8. END. 


EXAMPLE 9.8 Evaluate the postfix expression AB+ Cx D/ if A=2, B=3, C=4 and D=5, 


Solution. The expression given is AB+Cx D/ 
Starting from left to right 


I First element is operand A, push A into the stack, (see Stack J) 


II Second element is also operand B, push B also into the stack, (see Stack J) 


(< signifies top) 


Stack | Stack II 
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II Third element ‘+’ is an operand, pop 2 Ope wor 
from the stack ie. A and B (see Stack 1H) an 
EMPTY , evaluate the expression, i.e., 
A+B=2+3=5 
stack Il Stack IV IV Push the result (5) into the stack, (see Stack IV) 
V Next element C is operand ; pushed into the stack, 
(see Stack V) 
VI Next X is an operator, pop 2 operands from the 
stack i.e. 5 and C (see Stack VI) and evaluate : 
stack V sale 5xC=5x4=20 


VII Push the result (20) into the stack, (Stack VII) 


| > VIII Next ‘D’ is operand ; pushed into the stack, (Stack 
Ee vill 


Stack VIII f 

siaekvil i IX Next ‘/’ is operator ; 2 operands popped i.e., D and 
20 ; (Stack IX) ‘ 

2 

Expression evaluated as follows : A Ba =4, 
pushed back. (Stack X) 

Stack IX Stack X X End of the expression, Pop from stack. Thus the 
result is 4. 


EXAMPLE 9.9 Evaluate the following expression in postfix form using a stack and show the contents of the stack after 
execution of each operation : true false true NOT false true OR NOT AND OR AND. 


Solution. Reading from left to right 


I ‘true’, is operand ; pushed into stack (Stack /) 


II ‘false’ is operand ; pushed into stack (Stack I) 


III ‘true’ is operand ; pushed into stack (Stack IID 


Stack | 

el Stack Ili IV ‘NOT’ is a unary operator. Thus, one operand is 
popped i.e., true ; 
Evaluating NOT true = false ; Pushing the result 
‘false’ into the stack (Stack IV) 


V ‘false’ is operand ; pushed (Stack V) 


VI ‘true’ is operand, pushed (Stack VI) 


— 
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~ Xi 
VII ‘OR’ is operator, Pop two operands ie 


rf Tue 
Evaluating the expression, we get : false OR ny te, false 
e= 


Push the result ‘true’, into the stack (Stack VI i 
—  VHI ‘NOT’ is operator ; One operand is Popped, į : 
s Le, 
Evaluating : NOT true = false re 
Stack VII Stack VIII Stack IX Push the result ‘false’, into the stack (Stack vj 
IX ‘AND’ is operator ; Pop two operands, ie. false 1) 
Evaluating : false AND false = false ; false, 
| false 4— Push the result ‘false’, into the stack (Stack IX) 
> | false | Ise _[¢— 
as X ‘OR’ is operator ; Pop two operands, i.e. false, fals 
, e, 
Stack X Stack XI Evaluating : false OR false = false ; Push the re | 
Sult 


‘false’ (Stack X) 
XI ‘AND’ is operator ; Pop two operands i.e., false, true. 
Evaluate and Push back : true AND false = false (Stack XI) 
XII No-more-elements Pop from stack, therefore, the result is ‘false’. 


Evaluation of Prefix expression using stacks 
The prefix expression is also without parentheses. The prefix expressions are evaluated by the 
compiler by using two stacks : 
one stack (Symbol Stack) for holding the symbols of the expression (All the operators and 
operands/values of the expression are considered symbols ) and i 
© another stack (Number Stack or Operand-Value Stack) for holding the numbers or 
values (1e., the operands). ` 


EXAMPLE 9.10 Evaluate the expression 5 6 2 + * 12 4 /- in tabular form 
showing stack status after every step. 


x 
fa» 9.1 Solution. 


1. What are the technical names of 
insertion and deletion in a stack ? 


Intermediate 
Calculations | 
Output 


Input Symbol/Element 


2. What is the situation called, when 
an insertion/push is attempted in 
a full stack ? 


Push 


Push 


Push 


3. What is the situation called, when rh ag 
a deletion/pop is attempted in an + — Pop (2 elements) & evaluate pA | 
empty stack ? Push result (8) 5, 8 Hrani 
4. Give some examples of stack * Pop (2 elements) & evaluate = empty se | 
applications. Push result (40) 40 | 
5. What are infix expressions ? What Push 40, 12 
are postfix expressions ? 4 Push 40, 12, 4 i 
6. Write equivalent postfix / Pop (2 elements) & evaluate 40 aid 
expressions for the following infix Push result (3) 40,3 : 
expressions : 40-372" 


f3 


37 


~ Pop (2 elements) & evaluate 
Push result (37) 


(a)a+b*d (b) p/(q - 1) 
(c) i**2 + 3 


. Evaluate following postfix expre- f 
ssion using a stack : 28, 8, 4, /, +. (top most element is shown in colour) 


No-more-elements 


N 


wa 
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; WITH STACKS 
work enii ii Progress In Pyhon 9.1 
2 P 
is priP ses 
practical assig 


sion is dedicated to the practice of data structure Stack’s concepts and provides 
nment for the same. 


please check the practical component-book — Progress in Computer 
T4 Science with Python and fill it there in PriP 9.1 under Chapter 9 after 
. practically doing it on the computer. 


>>>% <<< 


93 QUEUES 
Queues are similar to stacks in that a queue also consists of a sequence of items (a linear list), 
and there are restrictions about how items can be added to and removed from the list. However, 


a queue has two ends, called the front-end and the back-end ele E N EA 


or rear-end of the queue. Items are always added to the queue A due is 3 linear ist 
at the rear-end and removed from the queue at the front-end. implemented in FIFO — First In First 
The operations of adding and removing items are called Outmanner where insertions take 


place at the rear-end and 
deletions are restricted to occur 
only at front end of the queue. 


enqueue and dequeue. An item that is added to the back of 
the queue will remain on the queue until all the items in front 
of it have been removed. 


A queue is like a “line” or “queue” of customers waiting for service. Customers are serviced in 
the order in which they arrive on the queue. Thus a queue is also called a FIFO list i.e., First In 
First Out list where the item first inserted is the first to get removed. So, we can say that a queue 
is a list of data that follows these rules : 


1. Data can only be removed from the front end, ie., the hi 
element at the front-end of the queue. The removal of 
element from a queue is technically called DEQUEUE The Enqueue operation adds item at 


operation. the back of the queue (at rear-end) 


and the Dequeue o i 
2. A new data element can only be added to the rear of the item eon the ise a 


the queue. The insertion of element in a stack is (at front-end) and returns it 
technically called ENQUEUE operation. 


Other Queue Teris l {i 


There are some 
ere are some other terms related to queues, such as Overflow and Underflow. 


Peek Refers to inspecting the value at the queue’s front without removing it. It is also 
sometimes referred as inspection. Wil 
Overflow Refers to situation (ERROR) when one tries to enqueue an item in a queue that i | ! 
is full. This situation occurs when the size of the queue is fixed and cannot grow He 
further or there is no memory left to accommodate new item. 
Underflow 


Refers to situation (ERROR) when one tries to Dequeue/delete an item from an 
empty queue. That is, queue is currently having no item and still one tries to 
dequeue an item. 


Bom 
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EXAMPLE 9.11 Given a Bounded Queue of capacity 4 which is initially empty, draw pictures of the queue 
the following steps : after ench P 
(i) Queue empty (ii) enqueue ‘a’ (iii) enqueue ‘b’ Tate 
(iv) enqueue ‘c’ (v) dequeue (vi) enqueue ‘d’ jiteues 
(vit) enqueue ‘e’ (viii) dequeue (ix) dequeue mee 
(x) dequeue (xi) dequeue aa 
Solution. Bl ar 
F t= a : R —_ a ee 
ron ' ear = ORG, 
(1) Queue is empty (vii) enqueve'e’ (front = 1, rear = 3) 
(front = rear = None) 0 2 3 
[ft E a 
oin 2 3 [ Telelal 


me | A 


tS ities 


a 


d 


[OVERFLOW because the queue is bounded, it 


(ii) enqueue 'a' (front =@, rear = @) cannot grow. If it could grow, then there would 
d have been no OVERFLOW until no memory is lef, 
0 i 2 3 In Python, (for queues implemented through lists) 


] since Lists can grow, OVERFLOW condition does 
| not arise until all the memory is exhausted.] 


(viii) dequeue (front =2, rear = 3) 


(iii) enqueve'b’ (front =@, rear =1) 0 1 2 3 
| -7 d 
TAD: a ! y — e 
a b | | | pae 
A | b | 
r 


(ix) dequeue (front = 3, rear = 3) 
(iv) enqueue'c (front =@, rear = 2) 
0 3 8 3 


i 0 1 2 3 | j ig ir 
laj] bj -p aoa 
4 7 c | ; 
F r 
= Hone 
(v) dequeue (front =1, rear = 2) (x) dequeue (front = None, rear = Hon } 
ü 4 Z 3 0 1l 2i 2 - 
Pl [bic] | T T | | 40 | 
vA . 3 fz a7 
[a | fo d | 
= None) 
(wi) enqueue’d' (front=1, rear = 3) (xi) dequeue (front = None, pens 


saa 


a 


F 
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Implementing Queues in Python 
93.1 python, you can use Lists to implement queues. Python offers us a convenient set of methods 
in erate lists as queues. For various Queue operations, we can use a list say Queue and use 
o ; 
on code as described below : 
peek We can use : <Queue> [front] 

e =a: - e 
where <Queue> is a list ; front is an integer storing the position of first value in 
the queue. 

Enqueue We can use : <Queue>.append(<item>) 
where <item> is the item being pushed in the Queue. The item will be added at the 
rear-end of the queue. 
Dequeue We can use : <Queue>. pop(@) 
it removes the first value from the Queue (i.e, the item at the front-end) and returns it. 
Number of Elements in Queue 


We can determine the size of a queue using the formula: 
Number of elements in queue = rear - front+1 

In Python queues, implemented through lists, the front and rear are : 
front = @ and rear = len(<queue>) - 1 

You can also use Python function len(<queue>) to get the size of the queue. | 


Let us now implement a Queue of numbers through a program. | 
- j 


9.2 Program to implement Queue Operations 


rogram 
HHH queue IMPLEMENTATION +HHHHHHHHHHHHHE 


queue: implemented as a list 
front : integer having position of first (frontmost) element in queue 
rear : integer having position of last element in queue 
def cls(): 
print("\n" * 100) 
def isEmpty( Qu ) : 
if Qu==[]: 
return True 
else: 
return False 


def Enqueue(Qu, item) : 
Qu. append(item) 
if len(Qu) ==1: 
front =rear =0 
else: Huet 
rear = len(Qu) -1 Tet 


— 
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def Dequeue(Qu) : 
if isEmpty(Qu) : 
return "Underflow" 


else: 

item = Qu. pop(@) 
if len(Qu) == 8 : 

front = rear = None 
return item 


def Peek (Qu) : 
if isEmpty (Qu) : 
return "Underflow" 
else: 
front =8 
return Qu[front] 


def Display(Qu) : 
if isEmpty(Qu) : 
print ("Queue Empty!") 
elif len(Qu) ==1: 
print(Qu[@], "<== front, rear") 
else: 
front =@ 
rear = len(Qu) - 1 
print(Qu[front], "<— front") 
for ainrange(1, rear) : 
print (Qu[a]) 
print(Qu[rear], "<— rear") 


#if it was single-element queue 


#__main__ program 
queue = [] # initially queue is empty 
front = None 
while True : 
cls() 
print ("QUEUE OPERATIONS") 
print("1. Enqueue”) 
print("2. Dequeue") 
print("3. Peek") 
print("4. Display queue") 
print("S Fxit") 
cii = int(input("Enter your choice (1-5) : ")) 
iftch==1 t! 
item = int(input("Enter item :")) 
Enqueue(queue, item) 
input ("Press Enter to continue. ..") 
elif ch==2: 
item = Dequeue (queue) 
if item == "Underflow" : 
print("Underflow! Queue is empty!") 
else: 
print(“Dequeue-ed item is", item) 
input ("Press Enter to continue. . ) 


| 
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chop!e 
elif ch == 
item = Peek (queue) 
if item == "Underflow" : 
print("Queue is empty !") 
else : 
print("Frontmost item is", item) 
input(' PeeeRENCerS comets, 2) 
elif ch == 
niela f 
input ("Press Enter to continue. . .") f 
elif ch==5: 
break 
else : 
print("Invalid choice!") 


input("Press Enter to continue...") 


QUEUE OPERATIONS 
1. Enqueue 

2. Dequeue 

3. Peek 

4, Display queue 
5. Exit 


Enter item :5 


QUEUE OPERATIONS 
-1° Enqueue 

2. Dequeue 

3. Peek 

4. Display queue 
5. Exit 


Enter your choice (1-5) : 


S<s= front, rear 


——— 
QUEUE OPERATIONS 
L. Enqueue 

| 2. Dequeue 
3, 
4. 
H 


Peek 


Display queue 

Exit 
| Enter your choice (1- D 
Enter item :7 


SBS NS Te 


SLET 


me.. 
QUEUE OPERATIONS 
1. Enqueue 
2, Dequeue 
3. Peek 


4. ps 
Display queue 


seen 


virara 


wo. 


D 


' enter your choice (1-5) : 


! Press Enter to continue... 
= Enter to continue... 


P 
Fess Enter to continue, .. 
ae 


ome 
ž 
j 
Er 
f 
| 


5. Exit 


Enter your choice (1-5) : 


Frontmost item is 5 


Press Enter to continue... 


QUEUE OPERATIONS 
. Enqueue 

. Dequeue 

Peek 

Display queue 
. Bot 


mn PWN 


Enter your choice (1-5) : 


Enter item :9 


Press Enter to continue... 


QUEUE OPERATIONS 

. Enqueue 

. Dequeue 

. Peek 

. Display queue 
Exit 


ur wner 


Enter your choice (1-5) : 


5 <- front 
7 
9 <- rear 


Press Enter to continue... 


QUEUE OPERATIONS 
Enqueue 
Dequeue 

Peek 

Display queue 
Exit 


mW PWN 


E AR MI od Bias pL cates Slee 


aah 


pan-s 


OTTER OE AR EE, AE AE 


edna N Le 


2 we. 


i 


tie 


Enter your choice (1-5) : 2 


Dequeue-ed item is 5 


Press Enter to continue.. 


QUEUE OPERATIONS 
Enqueue 
Dequeue 

Peek 

Display queue 
Exit 


= 


U1 ah U2 i 


Enter your choice (1-5) : 


Dequeue-ed item is 7 


Press Enter to continue... 


QUEUE OPERATIONS 
Enqueue 

Dequeue 

. Peek 

Display queue 

Exit 

Enter your choice (1-5) 
Dequeue-ed item is 9 


oh Oh NE 


Press Enter to continue... 


QUEUE OPERATIONS 
Enqueue 

Dequeue 

Peek 

Display queue 

Exit 

Enter your choice (1-5) : 


BN" ie 


Underflow! Queue is daar 
Press Enter to continue... 
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Queue ltem-nodes 


Like stacks, queues can also store information of various types in its item-nodes 
information is logically related then item-node is first create as a list (or any other se and ig 


. u 
per your requirements) and then inserted in the queue. Solved problem 21 implemen as 
queue. Such a 


9.3.2 Variations in Queues 


Queues can be used in several forms and ways, depending upon the re 


program. Two popular variations of queues are Circular Queues and Deq 
queues). 


9.3.2A Circular Queues 


Circular Queues are the queues implemented in circular form rather than a Straight line. The 

are used in programming languages that allow the use of fixed-size linear structures (such = 
arrays of C/C++ etc.) as queues. In such queues, after some insertions and deletions, some 
unutilized space lies in the beginning of the queue. To overcome such Problems, circular 
queues are used that overcome the problem of unutilized spaces in fixed-size linear queues, 
Figure 9.4 shows a circular queue. 


quirements of t A 
ue (Double-Ende d 


Utilised 


space (> Bes 
Front Rear Front \\ 


Rear 


space 


circular queues 


To see 
in action 


opao 
E 
EESW 


j j Scan 
(c) Circular queue (full to the capacity) at any random time ots 


Figure 9.4 


U 
n't 
TAR 1s, you do 
Python lists are dynamic structures that can grow and shrink when needed, i : i 
e . tho e 
need circular queues generally when you are implementing queues through Py 


9.3.2B Deque (Double-ended Queues) aja 
Deques (double-ended queues) are the refined queues in which elements can ae inp 
removed at either end but not in the middle. There are two variations of a dequ 
restricted deque and an output restricted deque. 


a 


a ama 
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An Input Restricted Deque is a deque which allows insertions at only one end but allows 


2 deletions at both ends of the list. [see Fig 9.5(a)] 


> An Output Restricted Deque is a deque which allows deletions at only one end of the list 
put allows insertions at both ends of the list. [see Fig. 9.5(b)] 


front rex 
elelee] Hs 


Add to rear-end only 


Restriction only on 
input i.e., insertion. 
No restriction on 


; (addition possible 
output (deletion) front rege only at this end) 
—Lelelefels] = 
Removal from ‘ Removal from 
front-end also possible rear-end also possible 


(a) Input-restricted deque yi 


LELE g 


Restriction only on 
output /.e., deletion. 
No restriction 


Remove from front-end only 
(Removal possible only at this end) 
front tear on input 


Insertion at Insertion at kli 
front-end also possible rear-end also possible 


(b) Output-restricted deque 


Figure 9.5 Dequeues m 


9.3.3 Queue Applications ii 


Queue data structure has found application in many diverse areas. We are discussing here only i 
a few of them, for understanding purposes. 


Direct Applications 


© Any flow of first-in-first-out or 
ae first-come-first-served may be implemented as a | 
Sa. queue. For example, the passengers leave a bus as the | 
L What are the technical names of order (sequence) they hopped on. (first-in-first-out, | 

insertion and deletion in a queue? last-in-last-out), or a single-lane vehicles into a tunnel, 

2 What is the situation called, when an and come out from the other end — all these are 
Msertion/push is attempted in a full real-life applications of queues. ji 


queue ? 

i TERT © When a resource is shared among multiple 
Dei situation called, when a i consumers, queues are the best way 4s nalea 
Queue ? ee een a ee this typeof sharing. For example, in a computer lab, 
© Give some exampl there can be printer being shared among a number of 
_ ‘plications, me E computers. All the computers can send their printing iji 
> What is circular queue ? requests to the shared printer. For all the printing 

i requests, printer will maintain a queue and will print 


6. Whati 
1S a deque ? What are its types ? 
ypes ? on FIFO basis. 
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© When you make calls to a call center, the call center phone Systems 


s ia r ‘ sk will Use a 
hold people in line until a service representative is free. l teue ty 


© Airport authorities make use of queues in situation of sharing a single runw 
for both landing and take-off of flights. ay of aitpoy 


© When you run multiple programs/applications on one CPU 
each application equally, then CPU might use queues to p 
phased-manner’. (Job scheduling) 


, and the Cpy 
a 
rocess these applicano 
in 


Indirect Applications 


© Queues have found indirect usage in many computer applications as auxilia 
structures and components of other data structures. "Y data 


/ WORKING WITH QUEUES 


E oe Progress ln Python 92 


This PriP session is dedicated to the 


practice of data structure Stack’s concepts and provides 
Practical assignment for the same. 


Please check the practical component-book — Progress in Computer 
“Science with Python and fill it there in PriP 9.2 under Chapter 9 after 
practically doing it on the computer. 


>>> eee 


LET Us REVISE 


= 


& A data structure is a named group of data of different data types which can be processed as a single unit. 


& Simple data structures are normally built from primitive data types. 


: ; š 5 . data 
&®& Simple data structures can be combined in various ways to form compound data structures. The compound 
structures may be linear (whose elements form a sequence) and non-linear (which are multi-level). 


f - ions take 
& A stack is a linear structure implemented in LIFO (Last In First Out) manner where insertions and deletions 
place only at one end i.e., the stack‘s top. 


& An insertion in a stack is called pushing and a deletion from a stack is called popping. 


it is called 0 
*: When a stack, implemented as an array, is full and no new element can be accommodated, it is 
OVERFLOW. 


& When a stack is empty and an element's deletion is tried from the stack, it is called an UNDERFLOW. aide 
' thi 
& Polish string refers to the notation in which the operator symbol is placed either before its operands ( 


F : : A : 1, in whic 
called prefix notation) or after its operands (this form is called postfix notation). The usual form, 
operator is placed in between the operands, is called infix notation. 


2. This is known as Round-Robin Scheduling. ofthis pook- 
3. Queues also play a very essential role in graph algorithms like BES and DFS but these are way ahead of the scop ' 


p” 
i: 


_— 
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Chopte! % 
ueue is a linear structure implemented in FIFO (First In First Out) manner where ‘insertions can occur only at 
qAd » end and deletions can occur only at the “ front” end, 


the “rear i ein 
Circular Queues are the queues implemented in circle form rather than a straight line. , 
& 


Dequeues (double-ended queues) are the refined queues in which elements can be added or removed at either end 
& 


put not in the middle. Pa l 
An input restricted deque is a deque which allows insertions at only one end but allows deletions at both ends. 
& vane 


& An output restricted deque is a deque which allows deletions at only one end of the list but allows insertions at both 


ends. ade “| 


at Pe | ‘ z ‘ 
3 j i ji 


Epi Type Questions, 


OTQS pi 


Multiple Choice Questions 


- Choose correct output for the following sequence of operations (¢ signifies top). 


1, Data structure stack is also known as isk: i i liini 
(a) First In First Out i (b) First In Last Out l j 
(c) Last In First Out (d) All of these 
9. Data structure Queue is also known as et Dist: 
(a) First In First Out i (b) First In Last Out 
(c) Last In First Out disli (d) All of these - 
3. In a stack, all insertions take place at__ end(s). 
(a) top (b) front (c) rear l (d) any Hi 
4, In a Queue, insertions take place at___ end. ' EEA S . | hh 
(a) front (b) top (c) rear (d) any Hh i i 
5. In a queue, deletions take place at___end. i H 
(a) front (b) top (c) rear” - @ any i 
6. In a stack, deletions take place at_____s end. i i 
(a) front (b) top (c) rear (d) any ii ! 
7. The terms Push and Pop are related to | | 
i (4) Queue (b) Stack (A Both (d) None Waid 


push(5), push(8), pop, push(2), push(5), . pop, _push(1) 


() 85251 (b) 85521 (c) 2551, (d)521 

3. oe data structure element is inserted at one-end called Rear and deleted at other end called 

; on and Deletion operations in Queue are known as ____ 

(a) Push and Pop i i (b) Enqueue and Dequeue 

i (c) Insert and Delete (d) None 

' — form of access is used to add and remove nodes from a queue. |i 

(a) LIFO, Last In First Out (b) FIFO, First In First Out : Ht 
(c) Both (a) and (b) (d) None of these aiii i 
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12 form of access is used to add/remove nodes from a stack. 
(a) LIFO (b) FIFO (c) Both (a) and (b) (d) None of these 
13. Stack follows the strategy of ___ 
(a) LIFO (b) FIFO (c) LRU (d) RANDOM 
14. Which of the following is an application of stack ? 
(a) Finding factorial (b) Reversing of a string 
(c) Infix to postfix (d) All of the above 


15, When a stack, implemented as an array/list of fixed size, is full and no new element 
accommodated, it is called an CAN be 


(a) OVERFLOW (b) UNDERFLOW 
(c) EXTRAFLOW (d) NOFLOW 
16. When a stack is empty and an element's deletion is tried from the stack, it is called an 
(a) OVERFLOW (b) UNDERFLOW 
(c) EXTRAFLOW (d) NOFLOW 
17. If a user tries to remove an element from empty queue, it is called ____. 
(a) Underflow (b) Empty collection 
(c) Overflow (d) Garbage Collection 
1s, Pushing an element into stack already having five elements and stack has fixed size of 5, then 
occurs. 
(a) Overflow (b) Crash (c) Underflow (d) User flow 
19, What is the term for inserting into a full queue known as ? 
(a) overflow (b) underflow 
(c) null pointer exception (d) program won't be compiled 
20. A queue in which elements get added in empty area in the front of a queue is called ___. 
(a) full queue (b) circular queue (c) rounded queue (d) rotated queue 


Fill in the Blanks 


|. A stack is a linear structure implemented in LIFO ( ene _____) manner. 


2. The technical terms for insertion-in-a-stack and deletion-from-stack are and _— 
respectively, 
3, A queue is a linear structure implemented in FIFO ( —— ) manner. 
4. The Enqueue operation adds item at the end of the queue. 
5, The Dequeue operation removes the item from the end of the queue. 
à. Adding an clement in a queue is called operation. 1 
e that is full 


2 refers to a situation (ERROR) when one tries to enqueue/insert an item in a queu ae 

8. —___. refers to a situation (ERROR) when one tries to dequeue/delete an item from an emp) re š 

9, To use the empty space in the front of a linear queue implementation, — queue pe 
used. 

10. The 


ends. 


. at bo 
allows insertions è 


p” 


is a deque that allows deletions at one end only, but 


a 


chapte" 


Troe! 


i: 


9 


>. 


a 
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iFalse Questions 
push and Pop are terms related to stack data structure. 


Enqueue and Dequeue are terms related to queue data structure. 


The postfix conversion of an infix expression and recursion are internally implemented through 
stacks. 


The circular queue better utilises the space in a fixed size queue. 


pushing in a full fixed size stack results into an error. 


Popping from an empty stack results into an error. 


Inserting in a full fixed size queue results into an error. 


Deleting from an empty queue results into an error. 
For reversing the order of a list of values, queues are internally used. 


Like circular and double-ended queues, implementation formats of stacks may also be varied. 


NOTE : Answers for OTQs are given at the end of the book. 


Solved Problems 


——— = 


What is a Data-Structure ? 


Solution. A data-structure is a logical way for organizing, data in memory that considers not only 
the items stored but also the relationship among the items so as to give efficient and optimal 
performance. In other words, it is a way of organizing data such that it can be used efficiently. 


Compare a data type with a Data structure. 


Solution A Data type defines a set of values along with well-defined operations stating its 
input-output behavior e.g., you cannot put decimal point in an integer or two strings cannot not be 
multiplied ete. 

On the other hand, a Data structure is a physical implementation that clearly defines way of storing, 
accessing, manipulating data stored in a data structure. The data stored in a data structure has a 
specific data type e.g., in a stack, all insertions and deletions take place at one end only. 


pi . M 
What are linear and nonlinear data Structures ? 


Linear Data structure. A data structure is said to be linear if its elements form a sequence 
or a linear list, e.g., Arrays or linear lists, Stacks and Queues ete, 


1 . 5 . . . . . 
Non-Linear Data structure. A data structure is said to be non-linear if traversal of nodes is nonlinear 
in nature, e.g., Graphs, Trees ete. 


What purpose Linear lists data structures are mostly used for ? 
“U0on Linear lists data structures are used to store and process elements that are similar in type 


and are to be processed in the same way. For example, to maintain a shopping list, a linear list may 


be used where items to be shopped are inserted to it one by one and as soon as an item is shopped, it 
1S removed from the list. 
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What is a stack ? What basic operations can be performed on them ? 


Solution. Stack is a basic data-structure where insertion and deletion of data takes place at i 
called the top of the stack i.e., it follows the Last In-First Out(LIFO) principle. ~ INE en 
In Python, a stack is generally implemented with lists. 
Following basic operations can be performed on stacks : 
(a) Push i.e., Insertion of element in the stack 
(b) Pop i.e., Deletion of an element from the stack 
(c) Peek i.e, viewing topmost element without removing it | 
(d) Display or view all the elements in the stack. 
6. Enlist some applications of stacks. 
Solution. Because of LIFO property of stacks, these are used in various applications like : 
© reversal of a sequence, . 
© Infix to Postfix conversion, 
© Postfix and prefix expression evaluation, 
and many more. 


7. What are queues? What all operations can be performed on queues? 


Solution. Queues are the data structures where data is entered into the queue at one end 
end and deleted from the other end — the front end, ie, these follow First In 
principle. Following basic operations can be performed on queues : 


(1) Enqueue i.e., Insertion of an element in the queue 


= the rear 
-First Out (FIFO) 


(if) Dequeue i.e., Deletion of an element from the queue 
(iii) Peek ie, viewing frontmost element without removing it 
(iv) Display or view all the elements in the queue. 


8. Enlist some applications of queues. 


Solution. Applications of queues include the situations where FIFO property is exploited. Some 
common applications of queues include : 


(i) Sharing of one resource among multiple users or seekers such as shared printer among 
multiple computers; Call center executive's response among waiting callers etc. 

(ii) Airport authorities make use of queues in situ 
both landing and take-off of flights. 


(iii) CPU uses queues to imple 


ation of sharing a single runway of airport for 


ment round-robin scheduling among waiting processes. 
(iv) Queues are used in many computer algorithms also. 

Write the equivalent infix expression forde 10:3,.87,'1, witBh 

Solution. 10*3*(7 ~1)+23 
10. Consider the following stack of 


STACK : A, J, P, N 
Î top 


characters implemented as an array of 8 elements : 


Describe the stack as the following ope 
(a) POP (STACK, ITEM) 
(d) POP (STACK, ITEM) 


rations take place : 


(0) PUSH (STACK, K) (c) PUSH (STACK, 8) 
(e) PUSH (STACK, G) 


ll ee 
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Solution. ji 
(a) STACK: A, J, & as N is Popped (b) STACK : A, J, P, Kas Kis Pushed 
op 
(0) STACK: A, J, P, K, 2 as S is Pushed (d) STACK: A, J, P, K as S is Popped 
top 


(e) STACK: A, J, P, K, = as G is Pushed 


Given a stack as an array of 7 elements STACK : K, P, S, -, -, -, i alae 
(a) When will overflow and underflow occur? (b) Can K be deleted before S ? Why ? |! ; 
Solution. : hi 
(a) Overflow will occur when stack will be having 7 elements and there would be no space to Hill} 

insert a new element. 
Underflow will occur when all the elements will have been deleted from the stack and no 
more element could be deleted. 


(b) K can not be deleted before S. As S has been inserted after K and stack follows the LIFO rule 
ie, Last In First Out, therefore S will be deleted before K. 


Consider the following infix expression P=-a+b* c? (d*e)/ f where T denotes exponentiation, and / 
integer division. Translate P into its equivalent postfix expression using the following set of priorities : 


( 0 
+-) if 
unary — x | + 2 
ete 3 


Solution. P=-a+b*ct (d*e)/ f 

The order of evaluation will be (according to given priorities) as given below 
=((-a) + ((b* (c? (d*e)))/ f)) =(a-+ (b*e? (de*))/ f) il 
=((a—)+((b*(cde*? ))/ f)) =((a-) + ((bede*T */ f ))=(a-)+ ((bcde* T * fM) Ii Ihi i 
=(a—)+ (bede*Î * f) =a- bede*Î * f /+ aie 

Give the algorithm for converting an infix arithmetic expression into a postfix arithmetic expression. Use the i ji 

algorithm for the following expression, showing in.a tabular form the changing status of the stack : 

O zA- B) HCA D) aE 
Solution. The simulation of this algorithm for the above expression is shown in the following table : 


Conversion of (A — B) * (C / D) + E into postfix expression 


Output to be 
printed 


Input element / 


Step 
symbol taken 
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14. 


Input element / 
_. symbol taken _ 


POP & Print 
STOP 


The resultant postfix expression is AB- CD/*E + 


Evaluate following arithmetic expression A which is in 
the execution of the algorithm using the following : 


Solution. Push ‘(’ 


COMPUTER SCIENCE With 
P 


# (empty) 


postfix notation. Show the contents 

A= 30, 5,2.°12, 6,75 t 

to the stack and add ‘)’ at the end of expression i.e., the expression becomes 
30, 5, 2, **, 12, 6, /, +,-) 


YTHON 


~X 


of the stack during 


Push 
Push 
Push 


Push 
Push 


Push result (2) 


POP everything 


Result =3. 


Action taken 


POP (2 elements) 
Push the result (25) 


POP (2 elements) 


POP (2 elements) 

Push the result (27) 
POP (2 elements) ( 
Push the result (3) 


Stack Status 


( 
(, 30 

(, 30, 5 

(, 30, 5, 2 
(, 30 

(, 30, 25 

(, 30, 25, 12 
(, 30, 25, 12, 6 


(, 30, 25 12/6 =2 
(, 30, 25, 2 
(, 30 25 +2 =27 
(, 30, 27 

30 -27 =3 
(3 


# 


Output 


5* y =25 


—— 
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vert the expression (TRUE and FALSE) or not (FAL i ’ 
pa of the stack at every step. SE or TRUE) to postfix expression. Show the 
Solution. (TRUE and FALSE) or not (FALSE or TRUE)] 


Adding ] to the end of expression and inserting [ to the beginning of stack. 
Scanning from Left to Right 


Postfix Expression Y 


TRUE FALSE 
TRUE FALSE and 


[ or 
[ or not 
[ or not ( 


TRUE FALSE and FALSE 


[ or not ( or 
— TRUE FALSE and FALSE TRUE 

[ or not TRUE FALSE and FALSE TRUE or 
TRUE FALSE and FALSE TRUE or not or 


End of Expression 


16. Write the equivalent infix expression for given postfix expression : a, b, AND, a, c, AND, OR. Hiatal 
Solution. a AND b OR a AND c. WER 
17. Evaluate the following postfix notation of expression (Show status of stack after execution of each operation) : 


4; 105 18; Bh 


Solution. Adding ] in the end of given postfix expression and pushing [ in the stack. Hass 
4, 10, 5, +, % 15, 3, 1, q 


Intermediate output | i | 
Operand, Push 
Operand, Push 
Operand, Push 


Operator, Pop twice 


Evaluate and Push back 


Operator ; Pop twice 4 *15=60 


Evaluate and push back 
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4 Action taken ` 
Operand ; Push 


Operand ; Push P 
Operator ; Pop twice 
Evaluate and Push back 
Operator ; Pop twice 


Evaluate and Push back 


18. Evaluate the following postfix notation of expression : 1532 +/7 +2, * 


Solution. Adding ] in the end of expression and pushing [ in the stack initially. 


Operand : Push 


Operand ; Push 


Operand : Push 


Operator : Pop twice 


Calculate and push back the result 
Operator : Pop twice 


Calculate result and Push back the 
result 


Operand : Push 


Operator : Pop twice 


Calculate and Push back the result 


Operand : Push 
Operator : Pop twice 


Calculate and Push back the result 


End of expression : Pop All; # 20: Answer 


| — a are een 


ATA STRUCTURES Il — STACKS AND QUEUES USING LISTS 


cues P 379 = 
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7 


gvaluate the following postfix notation of expression : 50, 60, +, 20, 10, = 


_“‘Actioni Taken” 
Push 


` Stack Status `| 
50 (T= top) ’ 


Push 


Pop (2 elements) 7 (empty stack) | 50+60 =110 


Push result (110) | 110 


tT 
` -110,20 ~ 
; T 


| Push © ~ Smi 


Push 


110, 20, 10 
f 


Pop (2 elements) «1:110. 20-10=10 
tT i 


Push result (10) 


110, 10 
T 


Pop (2 elements) T (empty stack) © | 110*10 =1100 


Push ‘result (1100) ee 6 


` Ans = 1100 
20. Evaluate the following postfix notation of expression : (Show status of Stack after each operation) 


False, True, NOT, OR, True, False, AND, OR 
Solution. > 


Input Symbol 


False | 
False, True : 
Pop (1 element) False, False NOT True = False 


Push result (False : 
False OR False = False 


Pop (2 elements) | False 
Push result (False) | 
Push | 
Push 

Pop (2 elements) 
Push result (False) | 


Pop (2 elements) 
Push result (False) 


False, True 
False, True, False 
False, False 


True AND False = False 


False OR False = False 


. 


Write a function in Python, INSERTQ(Arr,data) and DELETEQ(Ar?) for performing insertion and deletion 
Operations in a Queue. Arr is the list used for implementing queue and data is the value to be inserted. 


[CBSE Sample Paper 2019-20] 


21, 


Pe 
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Solution, 
def INSERTQ(Arr): 
data = int(input("Enter data to be inserted:")) 
Arr.append(data) 
def DELETEQ(Arr): 
if (Arr ==[]): 
print( “Queue empty”) 
else: 
print (“Deleted element is:", Arr[@]) 
del(Arr[@]) 


27 


22. Write a function in puthon, MakePush(Package) and MakePop(Package) to add a new 


a Package from a List of Package Description, considerin g them to act as push and Pop oper 
data structure. 


Package and delet 


j ‘ations of the Stack 
[CBs] Sample Paper 201%. 
Solution. def MakePush(Package) : 
a = int(input("Enter package title p193 
Package.append(a) 
def MakePop(Package): 
if (Package==[]): 
print("Stack empty") 
else: 
print ("Deleted element:", Package.pop()) 
23. Write AddClient(Client) and DeleteCleint(Client) methods in 


python to add a new Client and delete a Client 
from a List of Client Names, considerin g them to act as insert ar 


id delete operations of the queue data structure 
[Outside Delhi 2015} 
Solution. 
def AddClient(Client): 
C = raw_input("Client name: ") 
Client. append(c) 
def DeleteClient (Client): 
if (Client ==[]): 
print ("Queue empty. UNDERFLOW! ! 29 
else: 
del Client[e] # OR Client.pop(@) 
print (Client[@], “Deleted from the queue") 


Write Addnew(Book) and Remove(Book) methods in Python to Add a new Book and Remove a Book from a List 
of Books, considering them to act as P 


USH and POP operations of the data structure Stack. "hi 2017 
Solution. Book = [] 


def Addnew(s): 


Name = input ("Enter Book Name :") 
Book . append( Name) 
def Remove( self): 


if (Book==[]): 


24 


print ("Stack Empty. UNDERFLOW! ! =) 
else: 


print ("Deleted Book is :", Book. pop()) 
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a progom to implement a stack for these book-details (bookno, book name). That is, now each item node of 


rite ; j i i i j 
25. stack contains two types of information -a bookno and its name, Just implement Push and display operations. 


golulion. 


stack: implemented as a list 
top : integer having position of topmost element in Stack 


noe 


def cls(): 
seine Co\n"* 100) 


def isEmpty( stk ) : 


if stk == [] : 
return True 
else: A 


return False 


def Push(stk, item) 
stk.append(item) 
top = len(stk) - 1 
def Display(stk) : 
if isEmpty(stk) : ‘ 
print("Stack empty") Histidas 
else: 
top = len(stk) - 1 
print(stk[top], "<- top") 
for a in range(top-1, -1, -1 ) : j 
print(stk[a]) Hed 
#_ main__ 
Stack = [] # initially stack is empty 
top = None 
while True : 
cls() 
print (“STACK OPERATIONS") 
print("1. Push") 
print("2. Display stack") 
print("3. Exit") 
ch = int(input("Enter your choice (1-5) :")) 
if ch == 1 : 
bno = int(input("Enter Book no. to be inserted any 
bname = input("Enter Book name to be inserted S 
item = [bno, bname] # creating a list from the input items. 
Push(Stack, item) 
input() 
elif ch == 2 : 
Display(Stack) 
input() 
elif ch ==3: 
break 
else : 
print("Invalid choice!") 
input() 


im. a 
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Write a program to perform insert and delete operations on a Quene containing Membe A 
the following definition of itemnode: À 
MemberNo integer 
MemberName String 


Age integer 


rs details 
as giv s 
en in 


Solution. 
queue: implemented as a list 


front : integer having position of first (frontmost) element in queue 
rear : integer having position of last element in queue 


def cls(): 
print("\n" * 100) 
def isEmpty( Qu ) : 


if Qu ==[]: 
return True 
else : 


return False 


def Enqueue(Qu, item) : 
Qu. append(item) 
if len(Qu) == 1 : 
front = rear =9 
else : 
rear = len(Qu) - 1 


def Dequeue(Qu) : 
if isEmpty(Qu) : 
return "Underflow" 


else : 
item = Qu. pop(@) 
if len(Qu) ==@: 


# if it was single-element queue 
front = rear = None 


return item 


def Display(Qu) : 
if isEmpty(Qu) : ae 
print("Queue Empty!") 
elif len(Qu) == 1: 


print(Qu[@], "<== front, rear") 
else : 


front = ð 

rear = len(Qu) - 1 

print(Qu[front], "<- front") 

for a in range(1, rear ) : 
print (Qu[a]) 

print(Qu[rear], "<- rear") 


ee 
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pimin 
queue = [] 
front = None 


# initially queue is empty 


while True : 
cls() 
print (“QUEUE OPERATIONS") 
print("1. Enqueue) 
print ("2. Dequeue”) 
print ("3. Display queue") 
print("4. Exit") 
ch = int(input ("Enter your choice (1-5) : ")) 
if ch==1: 
print("For the new member, enter details below:") 
memberNo = int(input("Enter member no :")) 
memberName = input("Enter member name :") 
age = int(input ("Enter member’s age :")) 
item = [memberNo, memberName, age] 
Enqueue (queue, item) 
input("Press Enter to continue...") 


elif ch == 2: 
item = Dequeue(queue) 
if item == "Underflow" : 
print("Underflow! Queue is empty!") 
else : ' 
print("Dequeue-ed item is", item) 
input("Press Enter to continue...") HREH 


elif ch == 3 : Hilt 
Display (queue) Hig 
input("Press Enter to continue.. a) 
elif ch==4: 
break 
else : 
print("Invalid choice!") 
input("Press Enter to continue.. Bi 
27. Describe the similarities and differences between queues and stacks. 
Solution. 


Similarities + 
1. Both queues and stacks are special cases of linear lists. 
2. Both can be implemented as arrays or lists. 
Differences : 
1. A stack is a LIFO list, a queue is a FIFO list. ‘i Hd 
There are no variations of stack, a queue, however, may be circular or deque. 
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What is the difference between an array and a stack housed in an array ? W 
structure ? Explain how push and pop operations are implemented on a stac 


i ~X 
hy ts Stack called 
k. n Lito dh 
Solution. An array is a group of homogeneous elements stored in contiguous Memory Joon, 
elements in an array can be processed from anywhere in the array, Cations 
A stack implemented as an array also has elements stored in contiguous me 
stack is always processed in a LIFO manner i.e., Last In First Out manner w 
added or removed from the top end of the stack. Th 


Structure. 


Mory 
herein the 
ack is also ¢ 


location 
l Ma 
Cleme 


at is why a st alled a Lp 


An addition to the stack is known as PUSH. The new element is added at the top and 
(variable or pointer) is made to refer to the new element. the tg 


A removal of an element from a stack is known as POP. The elements (be 


removed and the top is made to point to the next element in the row, 


ing pointed tg by top) 
An algorithm requires two stacks of sizes M and N 
example how will vou adjust two stacks in one 


overflow condition is minimised. 


that are to be maintained in the 


memory, Mustrate with ay 
dimensional array with M+ N m 


emory locations so that the 
Solution. Let us say that stack A is with size M and st 
If the stack A is stored in locations 0 to M-1 
Separate areas for the two are ensured. In th 


When TOP.A reaches at M- 1 any 
reaches at 


ack B is with size N. 


and the stack B is stored in locations Mto M+ N -1 the 
e beginning the TOPs of both stacks are at Opposite ends, 
further insertion will lead to overflow in stack A and when TOPB 
M, any further insertion in stack B will lead to overflow. 

Propose a data structure i 


vhich supports the stack P 
which returns 


the smallest element in the data stru 


Solution. Use two stacks say S1 and $2 -S1 in to which the elements are pushed and $2 in to which 
only the current minimum is pushed. 


ush and Pop operations and a third operation FindMin, 
cture. 


1. When first element is pushed in stack $1, Push it to stack $2 too, considering that this is the 
minimum element. 
2. When one needs to insert an element, say Ele : 
(a) we first push Ele on to S1 and 
(b) then access the top element, say T of $2 w 
(c) Compare Ele with T; if only 
minimum will always be on 


3. When one needs to Pop an ele 


` . A 
hich is the minimum before the insertion of El 


Ele is less than T, we push Ele on to $2 . Hence the one 
top of 52. 
ment, 

(a) pop the top element of S1 and 

(b) if this element is also equal to the one on top of $2, then pop from 52 as well. z 
Consider an empty stack of integers. Let the numbers 1, 2,3,4, 5, 6 be pushed on to this stack only in joi 
they appeared from left to right. Let 


Hei 
. e outpil 
S indicates a push and X indicates a pop operation. Can they f 

in to the order 325641 and order 154623 ?, 


(Hint. SSSSSSXXXxxx outputs 654327) 
Solution. SSSXXSSXSXXX outputs 325641. 


a : ul. 
154623 cannot be output as 2 js Pushed much before 3 so can appear only after 3 in outp 


p 
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chop! * 
GLOSSAR 
E queve Queues implemented in circle form rather than a straight line. 
circu iia Single unit of values of certain type. 
pata 
structure Named group of data of some data types, 
pata 


uctures Single level data structures representing linear relationship among data 


| : 
pequeue Double-ended queue where elements can be added or removed from either end. 


nfi Expression An expression where operators are placed in between the operands. 
Deletion of an element in a stack. 


pingar data str 


popping 
postfix expression (Also colled reverse polish notation of an expression}. An expression where operators are placed 
after the operands. 
prefix expression (Also called polish notation of on expression). It is on expression where operators are placed 
before the operands. 
pushing Inserting o new element in a stack. 
Traversal Processing each and every element of a data structure. 
Assignment For 
: - - selective assignment 
Á solutions 
| Ta] | 
Type A : Short Answer Questions/Conceptual Questions Jern [E | 


. Is data structure related to a data type ? Explain. 
. What do you understand by linear and non-linear data structures ? OR Code 
. Name some linear data structures. Is linked list a linear data structure ? 

. What are the stack and queue ? 


2 
3 
4 
5 
6. Which data structure will you use for simulating a blanket donation camp ? 
7. Differentiate between : (i) Linear Queue and Circular Queue (ii) A Queue and a Deque. 
8. What are input/output restricted queues ? 

9. What are enqueue and dequeue operations ? 

What are push and pop operations ? 

» Give some examples of stack and queue applications. 


» Can you suggest a real life application for input/output restricted queues ? 


peste 
1. What are data structures ? Name some common data structures. Pied 
Ej et | 


Type B : Application Based Questions 

1. Translate following infix expression into its equivalent postfix expression : 
((A- B)*(D/ E))/(F* G* H) [Ans. AB- DE/FG*H*/] 

2. Translate following infix expression into its equivalent postfix expression : 
(A+ Bt D)/(E-F)+G [Ans. AB DT + EF-/G +) 

s Translate following infix expression into its equivalent postfix expression : 
A*(B+ D)/ E-F-(G+ H/K) [Ans. ABD+*E/F-GH K/+-] 

t Write the equivalent infix expression for 

. 10, 3,*,7,1,-4,23,+ [Ans. 10*3* (7-1) + 23] 


© Write the 


on 


equivalent infix expression for a, b, AND, a, cœ AND, OR. [Ans. a AND b OR a AND ¢] 
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6. Consider the arithmetic expression P, written in postfix notation : | 
12,.7; 3d, 2,.1,.5, 44,4 
(a) Translate P, into its equivalent infix expression. (b) Evaluate the infix expression 
7. Convert the following infix notation of expression to an Sqpivalent Postf iX Notation of CX Pressi Ans, iy 
status of Stack after execution of each operation) : (A +B)*C-D/E TA ie Siong hi 
8. Consider each of the following posttix expressions : By 
R53 2", E 75h . T 
i TAE E. SEAE a E S ties 
7 a 5 WS. Ds 
Foie By, $23, 17, 4,4, 8 +, Se a S) | 
Translate each expression into infix notation and then evaluate, a | 
9. Give postfix form of the following expression : 
A*(B+({C+ D)*(E + F)/G)* H [Ans. Saa 
10. Give postfix form for A+[(B+C)+(D+ E)* FUG. [Ans ABCs DE, Foy 
11. Give postfix form of expression for the following : 


(D NOT A OR NOT B AND NOT C 
(ii) NOT (A OR B) AND C [Ans. () A NOT B NOT C NOT AND OR (ii) A B OR NOT CAND) 
12. Evaluate the following postfix notation of expression : 
True, False, NOT, AND, True, True, AND, OR 


13. Evaluate the following postfix expression using a stack and show the contents of the stack after 
execution of each operation 5, 11, ~ 6, 8, +, 12%, 


[Ans. -1/2 
14. Let P be the postfix arithmetic expression : 7, 2, ~, 1, 14, = 1, 2, * Evaluate P using stack and showing i 
status of the stack at every step. [Ans. 2] 
Consider the infix expression: Q: A+ B*CT(D/ E)/ F. 
Translate Q into P, where P is the postfix equivalent expression of Q. What w 
expression is evaluated for A, B,C, D, E, Fas 2, 3, 2,7; 22 respectively. 


[Ans. A BC DE/Î*F/+; 14 
infix expressions given below : 


[Ans. Postfix: (i) AB + DX /-(ii) XY+ZY*/R4 


15. 


ill be the result of Qif this 


16. Write equivalent Postfix expressions for the 


(i) A+ B-D/Xx (it) (X+Y)/(Z*Y)-R 


ion: 10 20+25 15-*30/ [Ans. 10) 
tion of expression: 20 10+ 5 2*-10/ [Ans. 2] 


: ion of 
8 a stack and show the contents of stack after execution 
‘| [Ans. 9000) 


A . e . i ki 
Ing postfix expression using a stack and show the contents of stack after executio 
each operation : 
20, 45, +, 20, 10, = 15, + = 


21. Use a stack to evaluate the following Postfix e 
execution of each operation, Don’t write any cod 
functions of the stack AB- CD+ E*4 (where 


ange the following infix expression into po 


[Ans. 1625] 


ck after 
Xpression and show the content of the =e 
e. Assume as if you are using push and pop fans. 20) 
A=5,B=3,C=5, D= 4, and E=2) 


stfix expression, (A+B)*C+D/E-F 


ant 
[Ans. A B+C DE! 
23. Evaluate the following Postfix notation of expression : 


(Show status of Stack after each Operation) 


True, False, NOT, OR, False, True, OR, AND 


chop!" * 


v3 


on 


6. 


10, 
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convert the following infix expression to its equivalent postfix expression showing stack contents for 
he conversion : X-Y/(Z+U)*V 


Convert the following, infix expression to its equivalent postfix expression showing stack contents for 
the conversion + A+B*(C-D)/E 
Ci Programming Practice/Knowledge based Questions 


Write a program that depending, upon user's choice, either pushes or pops an element in a stack. 


A line of text is read from the input terminal into a stack. Write an program to output the string in the 
reverse order, each character appearing twice. 


(egu the string abcde should be changed to ce dd cc bb aa) 
Write a program that depending upon user’s choice, either push. » or pops an element in a stack. The 
elements are shifted towards right so that fop always remains at 0" (zero'*) index. 


Write a program to insert or delete an clement from a queue depending upon user’s choice. The 
elements are not shifted after insertion or deletion. 


| Write a program to insert or delete an clement from a queue depending upon user’s choice. 


Write a program to implement input-restricted deque. (Both the operations i.e., insertions and deletions 
should be taken care of.) 


_ Each node of a STACK contains the following information : (i) Pin code of a city, (ii) Name of city. 


Write a program to implement following operations in above stack 

(a) PUSH() To push a node in to the stack. 

(b) POP() To remove a node from the stack. 
Write a program that implements three queues namely HighestPr, NormalPr and LowestPr. 
The program accepts an element alongwith its priority from the user, e.g., 


Enter element : KP213 
Priority (Highest/ Normal / Lowest (H/N/L): H 


As per priority entered, the element is added in the corresponding queue. 
A menu offers following options : 
1. Insert Element 
2. Search for Element 
3. Change Priority 
For option 1, element is inserted in one queue as described above. 
For option 2, ask for an element and search for it in all three queues. If found, display its queue name, 
otherwise display “Element not found”. 
For option 3, ask for an element, if it exists in a queue, ask for its new priority as : 
Want to Increase/Decrease its priority (I/D) ? I 
And then remove the element from its existing queue and add it to the new queue as per the 
changed priority. 


Write PUSH (Books) and POP (Books) methods, in python to add Books and remove Books 


considering them to act as Push and Pop operations of Stack. [CBSE D 2045} 
aiig Insert(City) and Delete(City) methods in Python to add City and Remove City considering 
em to act as Insert and Delete operations of the data structure Queue. [CBSE OD 216) 
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10.1 


a 


INTRODUCTION 


In the history of mankind, networking in any form has always given better results, better 


outcomes and better utilization of resources. For instance, you always have benefitted from 
human networks e.g., you want to buy a certain book, which is not available at the bookshop near 
you. But your friend, who lives in a different part of the city, says he can buy it for you as this 
book is available in the bookshop near his house. You happily agree to this and the next day in 
school, he hands over the book to you and you pay to him the book-price. Both are happy-he is 
happy to help ; you are happy to get the book and to have a helping friend. :). See, networking is 
so useful ; in fact, networking is useful in all forms — computer networking is no exception. 
Connections among humans make human network and connections among computers make 


computer networks. 
In this chapter, we shall talk about the basics of computer ne 


devices, protocols ete. 


tworks, their structures, types, 
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Two or more autonomous’ computing devices connected to 
One another in order to exchange information or share 
resources, form a computer network. For example, if in your 


m “a 
: solien A network i. Ài 
home, you can connect your smartphone, your laptop with your autonomous compet nec 
: d ut 
smart TV, gaming console and a printer simultaneously either $0 as to exchange in tg | 
using cables or through WiFi, it will be termed as a Computer Share resources ting) | 
Network. | 
Figure 10.1 shows a sample computer network. | 
Broadband 
modem | 
(to intemet | 
connection) Ethernet or 
USB cable 
Computer 2 
Printers p. 
` j 
He 
øo 
Entertainment Computer 3 
consoles 
Advantages of Networks Disadvantages of Networks 


* Share resources : such 
as printers and scanners, 
This is cheaper than 

buying equipment for 

each computer. 


= 


* Share storage - being 
able to access files from 


: any machines on the network 
can share data, 


* Can share software : 
Software can be installed 
centrally rather than on 
each machine. Metering 
software can then be used 
to limit the number of Copies 
being run at any one time. 
This is much cheaper than 
buying licenses for every 
Machine, 


K The systems are more 
sophisticated and complex 
to run. This can add to costs 
and you may need specialist 
Staff to run the network. 


x If software and files are 
held centrally, it may be 
impossible to carry out 

any work if the central 

server fails. People become 
reliant on the communications, 
if these fail, it can cause havoc. 


* If networks are badly 
Managed, services can 
become unusable and 
productivity falls. 


* File security ismo 
important especially 
connected to WANs e.g. 
protection from viruses. 


* Improve communications 
Messages can be sent - f 


8.9., internal email wi, 


Figure 19.1 (a) A sample computer network, (b) Advantages and disadvantages of computer networks. 


Computer networks are ve 


facilitate resource sharing ( 
software etc. on the networ 
communication (communicating with 
network is easier), cost reduction 
on costs) and so forth. Fi 
advantages and disadv 


resources s 


4 


ry useful in many ways. They 


k can be shared) 


(resource sharing cuts 
gure 10.1(b) show 
antages of computer net 


It means that no computing device on a network can start, Stop or control other device 


uch as storage, ee 
, enhanced de we shall 
devices on a Please note that now onw nd 


of 
ter netw 
use the terms ‘compu 


i ably. 
$ rk’ interchange 
S some nen 


works, 
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OMMUNICATION AND NETWORK CONCEPTS 


chapter 10 + C ae 


| Components of a Computer Network 


Merely by joining two computers with a cable won't form a network. In fact, there are many 
components that together. make a network. We are brief 
components of a computer network. 


10.2. 


y discussing below, the major 


Major components of a Computer Networks are : 
(a) Hosts/Nodes (such as PC, laptops, smartphones etc.) 
(b) Servers 
(c) Client 
(d) Network hardware (such as NIC, router, switch, hub etc.) 
(e) Communication channel (such as cables, radio-links etc.) 
(f) Software (such as protocols, network operating system etc.) 
(g) Network services (such as BNS, File-sharing etc.). 


Let us talk about these, briefly. ite 


(a) Host or Nodes. The term host or node refers to the 
computers that are attached to a network and are seeking to 
share the resources of the network. Of course, if there were 
no nodes (also called workstations), there would be no 
network at all. 


So your PCs, laptops, smartphones etc. when connect to a 
network become hosts. 


(b) Server. A Server is a very important computer in a 
network. A server is responsible for making the networking 
tasks happen. In other words, a server facilitates networking 


tasks like sharing of data, resource-sharing, communication 
among hosts ete. 


Acomputer becomes a workstation 
of a network as soon as it is 
attached to a network. 


| SERVERIN SRE TON | 
Server A computer that facilitates 
the sharing of data, software, and 
hardware resources (e.g., printers, 
modems etc.) on the network, is 
termed as a Server. 


On small networks, sometimes, all the shareable stuff (like files, data, software etc.) is stored on 
the server. A network can have more than one server also. Each server has a unique name on the 
network and all users of network identify the server by its unique name. 


On big networks 
handles files’ re] 


, there can be servers dedicated to specialized tasks e.g., a file server only 
ated requests ; a printer server only handles printing requests and so on. 


(c) Clients. Client is a related term. A client computer is a host computer that requests for 
Some services from a server. In other words, a server computer serves the requests of client computers. 


(d) Network Hardware. Other than hosts and wiring, a network requires specialized 


ardware to carr 
ete. There are m 


of network hardware are : 


y out various roles, such as establishing corrections, controlling network traffic 
any different types of hardware that are required in a network. Some examples 


® NIC (Network Interface Unit). It is a network card attached to a host so as to 
establish network connections. Every NIC card has a unique physical address called 
the MAC address, which is a 6 byte (48 bits) address assigned by the NIC manufacturer, 
An NIC is also called Network Interface Unit (NIU) or Terminal Access Point (TAP) 


© Hub, swi tch, 


router. These are connectivity devices. 
© Many others. 


Rom 
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(e) Communication channel. Hosts in a network interact with other h 
through a communication channel or communication medium. The comm 


Osts and eve 
can either be wired or wireless : anne 


© Wired Communication channels. When hosts and server(s) are Connected y: | 
another through guided media like network cables, it is called a Wire With 
channel/medium. Examples of wired communication media are : 


ication 


twisted-pair Cables 


© Wireless Communication channels. When hosts and server(s) are connected wi 
another through unguided media like radio waves, satellite etc., it js called a te One 
communication channel/medium. Examples of wireless communication mee Treless 
Microwaves, radio waves, satellites, infrared waves, laser etc. a ate; 


(f) Software. The software layers of a network make networking 


possible. These comprise 
of network protocols, network operating system etc. 


A protocol refers to a pre-decided set of rules using which all parties of a network connect and 
interact with one another. 


A network operating system is a specialized operating system that can handle networking tasks, 


| ($) Network Services. These refer to the applications that provide different functionalities 
| 


over a network, such as DNS (Domain Name System), File sharing, VoIP (Voice over IP) and 
many more. 


Armed with this basic knowledge of computer networks, let us further our discussion by 
talking about types of networks. 


10.3 TYPES OF NETWORKS 


A computer network means a group of ‘networked’ computers i.e., computers that are linked 
by means of a communication system. A network can mean a small group of linked 
computers to a chain of a few hundred computers of different types (e.g, PCs, minis 


mainframes etc.) spread around the world. Thus, networks vary in size, complexity and 
geographical spread. 


Let us discuss types of networks based on these parameters. 


10.3.1 Types of Networks based on Geographical Spread 


+ ypes: 
Based on network span or geographical spread, networks can be divided into two basic oP 
(i) LAN (Local Area Network) 


(ii) WAN (Wide Area Network) 
(ii) PAN (Personal Area Network) 


AN k 
(iv) PAN (Metropolitan Area Networ ) 
10.3.1A Local Area Network (LAN) 


Small computer networks that are confi 


a 
agin of 
4 build om 
factory) are known as Local Area Network 


: ʻe its 
s (LANs). The key purpose of a LAN is to pe psf 


; , 5 
in resource sharing. The hardware as well as software resources are shared throug” ~, sete 
instance, LAN users can share data, information 


, inters, hard-disks, 
Fig. 10.1(a) shows a Local Area Network, eee PASEA 


ah 


ned to a localised area (e. g., an office, 


— 
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Ina typical LAN configuration, one computer is designated as the file server. It stores all of the 
software that controls the network, as well as the software that can be shared by the compu ters 


attached to the network. Computers connected to the 
¢ . 
server are called workstations. On most LANs, cables are 
act the network interface cards? i 
pad tae S face cards? in each Traditionally, LANs are said to have 


computer. ‘geographical spread of upto 1 km. 
Figure 10.1(a) that you have seen earlier shows a LAN. 


10.3.1B Wide Area Network (WAN) 


The networks spread across countries or on a very big geographical area are knownas WANS. 
A Wide Area Network (WAN) is a group of computers that are separated by large distances and 
tied together. It can even be a group of LANs that are spread across several locations and 
connected together to look like one big LAN. The WANs link computers to facilitate fast and 
efficient exchange of information at lesser costs and higher speeds. 


Computers connected to a wide-area network are often connected through public networks, 
such as the telephone system. Sometimes they can be connected through leased lines* or 
satellites. The largest WAN in existence is the Internet. 


Figure 10.2 shows you a LAN and a WAN. 


oi a 

A 
dat WAN Eam 
Ses pE 


Regional Eastern 
—— office states office 
Beas) : 
Head office g . a 
AUTE 
Ye? 
Head office 


Figure 10.2 LAN vs. WAN. 


Mone oee 


F has been traditionally another type of networks — Pe oa ein W 

i i 5 e Internet i d i 
AN (Metropolitan Area Network), which refers to a Ait Messe nate iA ee 
otOlarle # i > also a WAN. Please note that Web 
a rk that is spread over an area as big as a city. But (World Wide Web} is a part of the 
hese days, this term has become redundant. Internet, not the complete Internet. 


A serveri 
TE a computer that just serves the requests of doing some tasks, made by other computers in its network. A file server 
3. Then a Tequests related to file sharing, storing etc. A print server serves the printer related requests, and so on. 
e 4 À 
i ork interface card (NIC) provides the physical connection between the network and the computer workstation. 


A leased s : 
Provi ee is a permanent telephone connection between two points set up by a government-regulated organization that 
elecommunications services to the public. 


Done 
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Following table (10.1) lists some basic differences between LAN and W AN. 
Table 10.1 LAN vs. WAN 


It is spread over a small area. It is spread over a very large area. 


It usually costs less to set it up. It costs higher to set it up. 


It is usually a single network. It is usually a network of Many networks 


10.3.1C Personal Area Network (PAN) 


A personal area network (PAN) is the interconnection of information technology devices Within the 
range of an individual person, typically within a range of 10 meters, 
For example, a person traveling with a laptop, a personal digital assistant 
printer could interconnect them without having to plug anything in, 
wireless technology such as Wifi. ex Tablet/PDA 
Typically, this kind of personal area 
network could also be interconnected 
without wires to the Internet or other 
networks. You can use PAN networks to 
transfer files including email and calendar . 
appointments, digital photos and music Mobile gp 
etc from your portable devices such as jee) 
phones and tablets to PC and vice versa, TE 
Figure (Fig. 10.3) shows a typi i 

gure (Fig. 10.3) shows a typical PAN Figuregoua, ‘Perel Are Nietwork (PAN) 


(PDA), anda Portable 
using some form of 


10.3.2 Types of Networks by Com 


Another parameter based on w 


computers in the network o 
networks : 


ponent Roles 


york 
hich you can classify networks is the role played by ane 
eration. On the basis of this, there can be two types of compu 


(i) Peer-to-Peer networks 


(ii) Client/Server Networks. 
Let us talk about these ne 


twork types one by one, 
10.3.2A Peer-to-Peer (P2P) Networks 


Peer refers to someone With equal standing, ¢ 


‘8, look at these example sentences : 
The staff is trained by peers. 
Peer group of children is really important, 


. i ea 
The peer-to-peer network literally implements t ar 


he Meaning of the word ‘pe facient 


computer ona Peer-to-peer network is equal. That is, each computer can play the role o 


yn. 
> r & ratio 
or a server. In other w ords, there is no computer designated as in charge of network ope ef 


Each computer controls its own information and plays role of either a client oF 4 
depending upon what is needed at that point of time 


ona Peer-to-pee 


The computers that serve 


vers: 
. ated 5€ 
computer are often termed as non-dedicat 


p” 
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On small networks, a workstation that can double up as a 
server, is known as non-dedicated server since it is not 
completely dedicated to the cause of serving. Such servers 
can facilitate the resource-sharing among work-stations on a 
proportionately smaller scale. Since one computer works as 
a workstation as well as a server, it is slower and requires 
more memory. Recall that the (small) networks using such 
a server are known as PEER-TO-PEER networks. 


Peer-to-peer networks are popular as 
home networks and for use in small 
companies as they are inexpensive and 
easy to install, but they are limited in 
scope and are difficult to secure. 


ar — 


Typically a peer-to-peer network has upto ten computers (an accepted limit). 


10.3.2B The Client-Server Networks 


Unlike peer-to-peer networks, bigger networks prefer to have centralized control. They do this 
by clearly designating servers and clients. Such networks are called client-server networks or 


even master-slave networks. 


On bigger network installations, there is a computer reserved for the server's job and its only 
job is to help workstations access data, software and hardware resources. It does not double-up 
as a workstation and such a server is known as dedicated server. The networks using such a 


server are known as MASTER-SLAVE networks. 


On a network, there may be several servers that allow workstations to share specific resources. 
For example, there may be a server exclusively for serving files-related requests like storing 


files, deciding about their access privileges and regulating 
the amount of space allowed for each user. This server is 
known as file server. Similarly, there may be printer server 
and modem server. The printer server takes care of the 
printing requirements of a number of workstations and the 
modem server helps a group of network users use a modem 
to transmit long distance messages. 


The key point about a client-server model is that the client 
1S dependent on the server to provide and manage the 
information. For example, websites are stored on web 
servers. A web browser is the client which makes a 


request to the server, and the server sends the website to 
the browser, 


ab 
T le 10.2 Differences between Client-server and P2P Networks 


Backups more powerful to cope with high demand. 


Data is all backed up on the main server. 


No central control over security. 


No central control over the network. Anyone 


Clients are not dependent on a central server. 


If machines on the network are slow they 
will slow down other machines. 


j Se Client-server 
| $Curi¢ 

Ma yy The server controls security of the network. 
RNA Emp 
| Sement | The server manages the network. Needs a 
| dedicated team of people to manage the | can set up. 
| D server, 

Pender à v 
| Perf “icy | Clients are dependent on the server. 
TMane a 

ice | The server can be upgraded to be made 


Each computer has to be backed up. Data 
can easily be deleted by users. 


NOTERTE re 


A dedicated server operates solely as a 
server on a network while a non- 
dedicated server can shuttle between 
the client as well as server roles. 


CLENTCOMPUTER ME 


A Client computer (or a client) is a 
computer or other device on the 
network that requests and utilizes 
network resources. A Server is a 
computer on network, dedicated to 
processing client requests. 


Ce 
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10.4 EVOLUTION OF NETWORKING 


Evolution of networking started way back in 1969 by the development of first Netw 
ARPANET, which led to the development of Internet. Let us learn how first network ia rley 
today’s Internet. y 


10.4.1 ARPANET 


| 
| 
The seeds of today’s Internet were planted in 1969, when U.S. Department of Defense n, 
project named ARPANET (acronym for Advanced Research Projects Agency NETwor o 
goal of this project was to connect computers at different universities and US a 
(American spelling for defence is defense). Soon the engineers, scientists, sty ih ense 
researchers who were part of this system, began exchanging data and messages on jt, The and 
of this system were also able to play long distance games and f Users 
socialize with people who shared their interests. ARPANET 
| 
| 
! 


started with a handful of computers but it expanded rapidly. In 


: ; z First network 
mid 80's, another federal agency, the National Science Foundation, (Advanced was ARPANET 


created a new, high- capacity network called NSFnet, which Agency NETwork). 
was more capable than ARPANET. 


NSFnet allowed only the academic research on its network and not any kind of private business 
on it. So many private companies built their own networks, which were later interconnected 
along with ARPANET and NSFnet to form Internet. 


Research Projects 


It was the Inter networking i.e. the linking of these two and some other networks (i.e, the 
ARPANET, NSFnet and some private networks) that was named Internet. 


The original ARPANET was shut down in 1990, and the government funding for NSFnet 
discontinued in 1995. But the commercial Internet services came into picture, which are still 
running the Internet. Figure 10.4 illustrates the evolution of Internet. 


1980s. NSFnet | 


1990s. Intemet 


In 1980s, NSFnet was started Bk VEA 
to make a high-capacity network 
to be used strictly for academic 


| 
In 1969, ARPANET was started and engineering research. In 1990s the internetworking of | 
to connect computers at U.S. ARPANET, NSFnet ae SD | 
defense & different universities. private networks resulte 
Internet. 


Figure 10.4 Evolution of Internet. 


10.4.2 The Internet 
Let us now clearly define Internet. 


The Internet is a worldwide network of computer networks 
that evolved from the first network ARPAnet (Advanced i 
Research Projects Agency ' i Thane a 

esearc jects Agency network). The Internet is made up ter netwo 
of many networks each run by a different comp ial 


p” 


INTERNET 


orld-wide ne 
rks. 


any and 
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aba veri i : e 
interconnected are ar It is an interconnection of large and small networks around 
the globe- ye common use of Internet standards allows users connected to one network to 


communicate with users on another network. 


The Internet isa super-network. It connects many smaller networks together and allows all the 
computers to exchange information with each other. To accomplish this all the computers on 
the Internet have to use a common set of rules for communication. Those rules are called 

rotocols, and the Internet uses a set of protocols called TCP/IP (Transmission Control 


protocol/Internet Protocol). 


Does Internet Work ? 

. i A Gateway is a device that 
Jn Internet, most computers are not connected directly to the connects dissimilar networks. 
Internet. Rather they are connected to smaller networks, 
ch in turn are connected through gateways to the 


How 


whi ‘BAGKBONE RI 

Internet backbone. z 
A Backbone is central inter- 

Two new terms you have encountered just now — gateway connecting structure that connects 


and backbone. Let me define these two terms. one or more networks just like the 
trunk of a tree or the spine of a 


Figure 10.5 shows you a backbone. ümar belig. 


Network 3 


Figure 10.5 A backbone used to connect various LANS. 


Let us now see how Internet functions : 
(i) At the source computer, the message OF th 
computer is firstly divided into very small parts c 
contains some information. 


e file/document to be sent to another 
alled Packets. A packet generally 


2 


(ii) Each packet is given a number serialwise eg, 1, 2, 3. 
(iii) All these packets are then sent to the address of destination computer. 
s the packets in random manner. (It may even receive 


(iv) The destination computer receive 
arbled or lost, it is demanded again. 


packet 10 before packet 1 arrives). If a packet is g 
(v) The packets are reassembled in the order of their number and uie original 
message/file/document is obtained. 


Le p : 
tus now see what all helps Internet m doing 50. 
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Internet Functioning 


The reason that the Internet works at all is that every computer connected to jt USES the g 
tules for communication. Do you know that set of rules is called protocol ? AME set of 


The communication protocol used by Internet is TCP/IP. 


© The TCP (ie, Transmission Control Protocol) part is responsible for 
file/message into packets on the source computer. It (TCP) is also reg 
reassembling the received packets at the destination or recipient computer. e fo 


© The IP (i.e., Internet Protocol) part is responsible for handling the addr 
computer so that each packet is routed (sent) to its proper destinatio 
about TCP/IP in details later in the chapter. 


The future of Internet is said to be in Interspace. Let us know 


10.4.3 The Interspace 


InterSpace is a client/server software program that allows mu 
online with real-time audio, video and text chat in dynamic 
Provides the most advanced form of communication available o 


what Interspace is, 


Itiple users to com- municate 
3D environments. InterSpace 
n the Internet today. 

The Interspace is a vision of what the Internet will become, 


INTERS DARE 7 

h late information in multipl Ree 

whe ers cross-correlate info ation in multiple ways eis = 
reus iS Crose-forn e me a an P y InterSpace is a client/server Software 
from multiple sources. It is an applications environment program that allows multiple user t 
for interconnecting spaces to manipulate information, 


communicate online with real- time 


audio, video and text chat in dynamic 
3D environments. 


much as the Internet is a Protocol environment for 
interconnecting networks to transmit data. 


10.5 SWITCHING TECHNIQUES 


Well, by now you know the significance of networks, One NE Sa ae 
” z P 'NLOE 

major purpose and use of networks is the sharing or transfer i ed oF 

of data and information. Do you know how Switching techniques are used for 

mitted across networks ? Well, for this various switching transmitting data across networks. 

techniques are used. Three switching tech- niques are : 


data are trans- 


Different types of switchin 
provide communication be 
circuit switching, 


i ircuit switchin 
g techniques are employed to © Grae 
tween two computers. These are; = Message innings 
message switching and packet switching. m Packet switching. 


10.5.1 Circuit Switching 


In this technique, first the com 
and then data are transmitted 


seeks out a physical copper path all the 
way from sender telephone to the 
receiver's telephone. The important 
property of this switching technique is to 
setup an end-to-end path (connection) 

[2 T i is 
i T computer before any data can (a) Circuit switching - a complete physical eagnes 

established between the sender and the rec 


ry p 


Receiver 
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9 Message Switching 


10.9. 


in this technique, the source computer sends data or the message to the switching office first, 


hich stores the data in its buffer. It then looks for a free link to another switching office and 
ss an sends the data to this office. This 


rocess is continued until the data are 
d elivered to the destination computers. 
owing to its working principle, it is 
also known as store and forward. That is, 
store first (in switching office), forward 


: i b) Message switching - full message travel across different 
mp at a time. ( j g f 
later, one jump intermediate hops or switching offices. 


Sender Receiver 


10.5.3 Packet Switching 


With message switching, there is no limit on block size, in contrast, packet switching places a 
tight upper limit on block size. A fixed size of packet which can be transmitted across the network is 
specified. Another point of its difference from message switching is that data packets are stored on 
the disk in message switching whereas in packet switching, all the packets of fixed size are stored 
in main memory. This improves the performance as the access time (time taken to access a data 
packet) is reduced, thus, the throughput (measure of performance) of the network is improved. 


EEN |e 


Receiver 


Sender 


(c) Packet switching - message is divided into packets and packets travel across hops. 


Figure 10.6 Switching Techniques 


106 DATA COMMUNICATION TERMINOLOGIES Haig) 


Let us now talk about some common data communication Terminologies. 
l. Data Channel 


; Channel is the medium used to carry information or data from one point to another. 
- Baud 


i x “epee measu rement for the information carrying capacity ofa communi- cation channel. l 

, ynonymous with bps (bits per second), another unit of measuring data transfer rates. 
"Bits Per Second (bps) 

It refers to the spee 


s peed at which data transfer is measured. It is generally used to measure the 
Peed of inform 


ation through a high speed phone lines or modems. 


Yte: ; 
S per second are denoted as Bps -notice the capital B. Small b i.e., bps stands for bits per second. 


» fates 
The rate of a thousand bits per second is known as kbps i.e, kilo bits per second. (Small k i Kins). i i 


Bre 
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© A rate of a thousand bytes per second is denoted by Kbps (Kilo bytes pe ‘ 
capital K. 

© A rate of a million bits per second is denoted through mbps — mega bits pe 
(Small m in mbps). 

© Arate of a million bytes per second is denoted as Mbps. (Capital M in Mbps). 


7 second) N 
*NOtigg 
the 


E Secon, d 


4. Bandwidth 


Technically, the bandwidth refers to the difference between the highest and low 
of a transmission channel. Or in other words, the bandwidth refers to the 
band of frequencies to a channel. 


Generally speaking, bandwidth is directly proportional to the amount of d 
received per unit time. In a qualitative sense, bandwidth is proportional to th 
data for a given level of system performance. For example, it 

takes more bandwidth to download a photograph in one High bandwidth channels m 
second than it takes to download a page of text in one second. called broadband channels and 

A ; ; low bandwidth ch 

Large sound files, computer programs, and animated videos called aa annels are 
require still more bandwidth for acceptable system performance. - and channels, 


ata transmitteg or 
© complexity of the 


In digital systems, bandwidth is data speed in bits per second (bps). Thus, a modem that works a 
57,600 bps has twice the bandwidth of a modem that works at 28,800 bps. 


In analog systems, bandwidth is defined in terms of the difference between the highest- 
frequency signal component and the lowest-frequency signal component. Frequency is 
measured in cycles per second i.e., hertz. A typical voice signal has a bandwidth of approximately 
three kilohertz (3 kHz); an analog television (TV) broadcast video signal has a bandwidth of six 
megahertz (6 MHz) - some 2,000 times as wide as the voice signal. 

A kilohertz (kHz) represents a thousand cycles per second ; a megahertz (MHz) represents 
thousand kHz ; a gigahertz (GHz) represents a thousand MHz ; and a terahertz (THz) representsé 
thousand GHz. 


5. Data Transfer Rates 


10.7 


ba a 
The data transfer rate represents the amount of data transferred per second by 
communications channel or a computing or storage device. 


Data rate is measured in units of bits per second (bps), bytes per second (Bps), OF baud. 

“giga-”, “tera-” et ( 
00. For example,” 
ey stand for pow 


. . . . . n” and 
When applied to data rate, the multiplier prefixes “kilo-”, “mega-", 


their abbreviations, “k”, “M”, “G”, “T” etc.) always denote powers of 10 
kbps is 64,000 bits per second. This contrasts with units of storage where th 
of 1024 e.g., 1 KB = 1024 bytes. 


Similarly, 1 MB = 1024 kilobytes ; 1 GB = 1024 megabytes ; 1 TB = 1024 gigabytes 


TRANSMISSION MEDIA p” 
hat the wont t 


By transmission media or communication channels of network, it is meant t w 
; A . eenriect tW 

cables’ or ‘connecting media’ are being talked about. The cables that connect 

workstations are the communication channels. jn? 


; media are 
In LANs (Local Area Networks i.e, very small networks) many different types o! pes mn 
Copper conductors in the form of twisted pair or coaxial are by far the M 


ath 


cto 


10. 
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More recently, very serious consideration has been given to the 
use of optical fiber technology in LANs. Other media eg., 
microwave transmission, infrared, telephone line etc, are also 
used. We can group the communication media in two We can group the communication 
categories : guided media and unguided media. The guided media in two categories : guided 
media include cables and unguided media include R media and unguided media. The 


: j guided media include cables and 
through air, water or vacuum. The basic types of cables (i.e, unguided media include waves 


ided media) are being discussed below. The unguided media through air, water or vacuum. 
(microwaves, radiowaves and satellites) are also being discussed. ` ITIER 


71 Twisted Pair Cable 


The most common form of wiring in data communication application is the twisted pair cable. 
As a voice grade medium (VGM), it is the basis for most internal office telephone wiring. It consists 
of two identical wires wrapped together in a double helix. 


Problems can occur due to differences in the electrical characteristics between the pair (e.g, 


length, resistance, capacitance). For this reason, LAN applications will tend to use a higher 
quality cable known as data grade medium (DGM). 


Different types and categories of twisted-pair cable exist, but they all have two things in common : 
& the wires come in pairs 


© the pairs of wires are twisted around each other [Fig. 10.7(a)]. 


s, om Cay 
I CROSS 


The twisting of wires reduces crosstalk, which is the 
bleeding of a signal from one wire to another and which can 


y AFEA T 
ery 


SEE AT i 
AEK irar siji ai 


The bleeding of a signal from one 


corrupt signal and cause network errors. The twisting of the wire 40. another and which can 
wires not only protects the signal from internal crosstalk, corrupt signal and cause network 
but it also protects it form other external forms of signal errors. This form of signal 
interference is called crosstalk. interference is called Crosstalk. į 


Advantages. The main advantages of twisted pair cable are : 
s «cade Insulation 
(i) It is simple. N, 
(ii) It is easy to install and maintain. 
(iii) It is physically flexible. 


| 

f | 

KANS NANA | 
í | 
(iv) It has a low weight. 


Conductor 


(i) Twisted pair cable | 
(v) It can be easily connected. 
i 
| 


(vi) It is very inexpensive. 
Disadvantages, Despite having such advantages, the data | 


transmission characteristics of twisted pair cable are not so Pe Foil — Copper 
ay T f 7 | 
cod. The major disadvantages are : ita Wire 

(i) Because of high attenuation, it is incapable carrying a 
signal over long distances without the use of repeaters. 

(ii) Its low bandwidth capabilities make it unsuitable for | 

j H s t 

m broadband applications. , pve Shield Fell Copper | 

tii) Tt supports maximum data rates 1 Mbps without Jacket Wire | 

conditioning and 10 Mbps with conditioning. (iii) Shielded twisted pair cable 


2 
‘Bure 10.7(a) shows a twisted pair cable. 


(i) Unshielded twisted pair cable 


Figure 10.7 (a) Twisted pair cable. 
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Types of Twisted Pair Cables On i 
There are fwo tvpes of twisted pair cables available. These are : i 
it) Unshielded Twisted Pair (UTP) Cable. UTP cabling is used for Vari 
communications. It is available in following eight categories : ariety of 


` Type Description 


CATI | Voice-grade communications only ; 
| No data transmission 


| 
| 
| 
| 


| CAT3 | Data-grade transmission upto 10 Mbps 


CAT2 | Data-grade transmission upto 4 Mbps 


| CAT4 Data-grade transmission upto 16 Mbps 


The UTP cables can have maximum segment length of 100 metres. 


(it) Shielded Twisted Pair (STP) Cable. This type of cables co 
individual pairs of wires, which further protects it from external 
like UTP, can have maximum segment length of 100 meters. The a 
that it offers greater protection from interference and crosstalk 
definitely heavier and costlier than UTP and requires proper groundin 


10.7.2 Coaxial Cable 


This type of cable consists of a solid wire core surrounded by one or more 
each separated by some kind of plastic insulator. The inne 
shield provides the ground. The coaxial cable has high electrical properties and is Suitable for 
high speed communication. While it is less popular than twisted pair, it is widely 
television signals. In the form of (CATV) cable, it provides a i 
cheap means of transporting multi-channel television signals ~—— Conductor 
around metropolitan areas. It is also used by large corporations 


mes with sh 
interference. 


ieldin ol 
as But th 

vantage of STP Over UTp;. 
due to Shielding tee 


f the 


also, 


8 at both ends, : 


foil or wire shields 
r core carries the signal, and the 


used for 


-— Insulator 
in building security systems. — Wire Mesh 
The data transmission characteristics of coaxial cable are —— Outer Shield 
considerably better than those of twisted pair. This opens the 
possibility of using it as the basis for a shared cable network, 
with part of the bandwidth being used for data traffic. Figure 10.7 (b) Coaxial ate 
Figure 10.7(b) shows a coaxial cable. 


Advantages han thos 
; aga ses ; iderably tanas 
(i) The data transmission characteristics of coaxial cables are considerably better 
of twisted-pair cables. 
(ii) The coaxial cables can be used as the basis for a shared cable network. 


(iii) The coaxial cables can be used for broadband transmission i.e., several ch 
transmitted simultaneously (as with cable TV). 


(iv) Offer higher bandwidths-upto 400 MBPS. 


nnels can t 


Disadvantages 
(i) Expensive compared to twisted pair cables. 


(ii) The coaxial cables are not compatible with twisted pair cables. 


3 p” 


p 
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af Coaxial Cables 
qhe two most commonly used types of coaxial cable are thicknet and thinnet. 
(i) Thickuet. This form of coaxial cable is thicker than thinnet. The thicknet coaxial cable 
segments (while joining nodes of a network) can be upto 500 meters long. 
(ii) Thinnet. This form of coaxial cable is thinner and it can have maximum segment length 
of 185 meters i.e., using this cables, nodes having maximum distance of 185 meters can 
be joined. 


10.7.3. Optical Fibers 
Optical fibers consist of thin strands of glass or glass like material which are so constructed that 
thev carry light from a source at one end of the fiber to a detector at the other end. The light 
sources used are either light emitting diodes (LEDs) or laser diodes (LDs). The data to be 
transmitted is modulated onto the light beam using frequency modulation techniques. The signals 
can then be picked up at the receiving end and demodulated. The bandwidth of the medium is 
potentially very high. For LEDs, this ranges between 20 and 

150 mbps and higher rates are possible using LDs. 


The fiber cable consists of three pieces : (i) the core, i.e., the glass Dia 
or plastic through which the light travels (ii) the cladding, Cladding 
which is a covering of the core that reflects light back to the 

core, and the (iii) protective coating, which protects the fiber Sheath 


from hostile environment [see Fig. 10.7(c)]. , 
caiie e I s o Figure 10.7 (c) The Fiber Optic cable. 
Advantages 


(i) It is immune to electrical and magnetic interference i.e., noise in any form because the 
information is travelling on a modulated light beam. 


(ii) It is highly suitable for harsh industrial environments. 
(iii) it guarantees secure transmission and has a very high transmission capacity. 


(iv) Fiber optic cables can be used for broadband transmission where several channels (i.e., 
bands of frequency) are handled in parallel and where it is also possible to mix data 
transmission channels with channels for telescope, graphics, TV and sound. 


Disadvantages 
(i) Installation problem. Fiber optic cables are quite fragile and may need special care to 
make them sufficiently robust for an office environment. 
(ii) Connecting either two fibers together or a light source to a fiber is a difficult process. 


(iii) Because of noise immunity, optical fibers are virtually impossible to tap. In order to 
incept the signal, the fiber must be cut and a detector inserted. 


(iv) Light can reach the receiver out of phase. 
(v) Connection losses are common problems. 
(vi) Fiber optic cables are more difficult to solder. 


(vii) They are the most expensive of all the cables. 


Despite its shortcomings, optical fiber is an important technology and will be a very attractive 
transmission indeed. 


Types of Fibre Optic Cables 


ert optic cable can be either single node that supports a segment length of upto 2 kms and band- 
Vidth of upto 100 Mbps or Multinode with a segment length of 100 kms and bandwidth of 2 Gbps. 


a 
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7.4 Guided Media Compared 
Let us now compare the cost, ease and performance offered by each of the media | 
w 
studied so far. ON hav 


Table 10.2 Comparison table for guided media 
| | 


Maximum | Bandwidth 


Type De | Segment Length | Supported | !nstallation | 
Twisted Pair Cable | UTP | 100 m 40 Gbps | easy dip 
| STP ' 100 m 500 Mbps moderate __| Moderate 
Gouin Cabte | Thinmet | 185 m | 10 Mbps | easy jen ot 
| Thicknet | 500m | 10 Mbps_| hard moderate | 
Fiber Optic Caki Singlenode | 2 km 100 Mbps very hard expensive | ea | 
| Multinode | 100 km | 2 Gbps very hard expensive 


10.7.5 Micro Wove (Terrestrial Microwave) 


Microwave signals are used to transmit data without the use of cables. The 
are similar to radio and television signals and are used for long dist 
microwave transmission consists of a transmitter, re 


microwave Signals 
ance communication, The 
ceiver and the atmosphere, 

In microwave communication, parabolic antennas are mounted on towers to send 
other antennas tens of kilometers away. The highe 
100-meter high tower, distances of 100 km bety 
transmission is line-of-sight? transmission. 


a beam to 
r the tower, the greater the range. With a 


veen towers are feasible. The microwave 


Advantages 


(i) It proves cheaper than digging trenches for laying cables and maintaining repeaters and 
cables if cables get broken by a variety of causes, | 


(ii) It offers freedom from land acquisition rights that are required for laying, repairing the cabks 
(iit) It offers ease of communication over difficult terrain. 

(iv) Microwaves have the ability to communicate over oceans. 
Disadvantages 


(i) Microwave communication is an insecure communication. 


wes ‘ . : wa the 
(ii) Signals from a single antenna may split up and propagate by slightly different paths to 


G i | ; - torfare, reducing 
receiving antenna. When these out-of-phase signals recombine, they interfere, r | 
the signal strength. 


tan . . . 2 ns ete. 
(iii) Microwave propagation is Susceptable to weather effects like rains, thunder storm 
(iv) Bandwidth allocation is e 


Xtremely limited in case of microwaves. 
(v) The 


tof desis, 3 ; pr re links is high- 
cost of design, implementation, and maintenance of microwave links 
10.7.6 Radio Wave 


The transmission makin 
are familiar with radios 


| 
an Weal 
A maa ; , transmisio". 
g use of radio frequencies is termed as radio-wave transi ed t0 


cat 
: -a are alloca 
and their working. When certain radio frequencies are < 


jee 
5, A Line-of-Sight signal passes thro 


straight Une i 
material obstacles and received b 


ugh the atmosphere, ori 


ginates from a dish antenna, travels in a 
y another dish antenna, 


pomem 
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rivale businesses for direct voice communication, they can make use of it for private business 

? acral, private citizens and business users are licensed to operate in the range of 


urposes. In gc! 
about 10 iniles. 
All radios today, however, use continuous sine waves to transmit information (audio, 


data). Each dif ferent radio signal uses a different sine wave frequency, and that is how they are 
all separated. Any radio setup has two parts : 


© The transmitter & The receiver 

r takes some sort of message (it could be the sound of someone's voice, 
a TV set, data fora radio modem or whatever), encodes it onto a sine wave and transm 
radio waves. The receiver receives the radio waves and decodes the message from the sine 
it receives. Both the transmitter and receiver use antennas to radiate and capture the 


video, 


pictures for 


The transmitte i 
its it with 


wave 
radio signal. 
Advantages 
(i) Radio-wave transmission offers mobility. 
_ (ii) It proves cheaper than digging trenches for laying cables and maintaining repeaters and 
cables if cables get broken by a variety of causes. 
(iii) It offers freedom from land acquisition rights that are required for laying, repairing the 
cables. 
(iv) It offers ease of communication over difficult terrain. 


Disadvantages 
(i) Radio-wave communication is an insecure communication. 


(ii) Radio-wave propagation is susceptible to weather effects like rains, thunder storms etc. 


Security of such communication links is almost nonexistent. Even so, the equipment has many 
advantages and is widely used by taxi, repair, courier, and delivery services. 


10.7.7 Satellite (Satielite Microwave) 

Radio wave can be classified by frequency and wavelength. When the frequency is higher than 
3 GHz, it is named microwave. Satellite communication is special case of microwave relay 
system. Satellite communication use the synchronous satellite to relay the radio signal trans- 
mitted from ground station. In recently, the use of wireless communication has gained more 
popularity. Compare to the traditional fixed wire terrestrial networks, satellite and microwave 
communications network features the time saving, fast-implementation and broad coverage 
characteristics. It provides voice, fax, data and video services as well as email, file transfer, 
WWW internet applications. When fixed wire terrestrial communication networks are crushed 
by a disaster, the satellite and microwave system as a emergency backup facility will be stressed. 


In satellite communication the earth station consists of a satellite dish that functions as an antenna 
and communication equipment to transmit and receive data from satellites passing overhead. 

A number of communication satellites, owned by both governments and private organizations, 

ld placed in stationary orbits about 22,300 miles above the earth’s surface. These 

cer gt relay stations for communication signals. The satellites accept data/signals 

Tiyan i rom an earth station, amplify them, and retransmit them to another earth station. 
such a setup, data can be transmitted to the other side of the earth in only one step. 


Most ra ; : l 

ne communication satellites have multiple, independent reception and transmission devices 
W ‘ ‘ oats i ‘ 

n as transponders. In a commercial communication satellite, a single transponder is usually 
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capable of handling a full-colour, commercial television transniission, comp] a 
Transponders for data transmission may be even larger. Some tirms that aiaei s ete Wi aug 
cations service own a satellite. Others lease a portion of a satellite and lei cy Se 
facilities in smaller units to ultimate users. The security in satellite kanini tra Aes 
provided by the coding and decoding equipment. Sslon Usual, 
Advantages 

(i) The area coverage through satellite transmission is quite large. 

(it) The laying and maintenance of intercontinental cable is difficult and eXpensi 

is where the satellite proves to be the best alterative, Sive ang this 


(iii) The heavy usage of intercontinental traffic makes the satellite commercial att 
(iv) Satellites can cover large areas of the Earth. This is Particularly useful a active 
populated areas. F Sparsely 


Disadvantages 


(i) Technological limitations preventing the deployment of large, 


high gain 
: antenn 
the satellite platform. as on 


(ii) Over-crowding of available bandwidths due to low antenna gains. 


(iii) The high investment cost and insurance cost associated w 


ith significant probability of 
failure. 


(iv) High atmospheric losses above 30 GHz limit carrier frequencies. 


10.7.8 Other Unguided Media 


Apart from microwaves, radiowaves and satellites, two other 


aot unguided media are also very popular. These are infrared 
ort 0.1 and laser waves. Let us briefly learn about these media here. 
ae i a 1. Infrared 
- Wnte two advantages an van- g s p f 
tages of networks. This type of transmission uses infrared light to send data. 
What is ARPAnet ? What is NSFnet ? You can see the use of this type of transmission in everyday 


life - TV remotes, automotive garage doors, wireless speakers 


. What do you understand by InterSpace ? . iad : 
y ý : etc., all make use of infrared as transmission media. 


. What is MAC address ? ir and can 
. What is a communication channel ? The infrared light transmits data through the i ces), bul 
Name the basic types of communication propagate throughout a room (bouncing priae, BS 


v Aa WwW N 


f ission has 
channels available. will not penetrate walls. The pm a 
6. Define baud, bps and Bps. How are become common in PDAs (Personal digital ass! 
these interlinked ? hand held devices like palm pilots etc. ne 
7. i é cure" 
s MSEE ypes ine STE transmission is considered to be as° 


8. What is the difference between LAN and 
WAN ? 2. Laser 

9. Write two advantages and disadvan- 
tages of the following : (i) Optical 
fibres (if) Satellites (iii) Microwaves. 


: ; ine-of-sigh 
The laser transmission requires direct g higher pe 
unidirectional like microwave, but has mu guse? 


3 S quires 
than microwaves. The laser transmission Feq — at eat 


. Write two disadvantages of twisted pai „siye receive! ® 
4 a ” s Sepat a Jaser transmitter and a photo-sensitive "i m missi” 
E smiccian ig point-to-pol 
11. Write an advantage and a disadvantage. end. The laser tr ansmission 1s poin P be 
of using Optical fibre cable, typically between buildings. it ca" 


; , which is: 
12, What is the difference between LAN and But lasers have a certain disadvantage, whi 


PAN ? adversely affected by weather. 


— 
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8 NETWORK TOPOLOGIES 

10. 
The P 
The sele 
isolation 
method us 


below : 
4. Cost. 
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attern of interconnection of nodes in a network is called the Topology. 

ction of a topology for a network cannot be done in 

as it affects the choice of media and the access 

ed. There are a number of factors to consider in 

making this choice, the most important of which are set out 
u 


TOPOLOGY f 


The pattern of interconnection of 
nodes in a network is called the 
Topology. 


For a network to be cost effective, one would try to minimize installation cost. 


This may be achieved by using well understood media and also, to a lesser extent, by 


minimizing, the distances involved. 


2, Flexibility. Because the arrangement of furniture, internal walls etc. in offices is often 
subject to change, the topology should allow for easy reconfiguration of the network. 
This involves moving existing nodes and adding new ones. 

3, Reliability. Failure in a network can take two forms. Firstly, an individual node can 
malfunction. This is not nearly as serious as the second type of fault where the network 


itself fails to operate. The topology chosen for the network can help by allowing the 
location of the fault to be detected and to provide some means of isolating it. 


10.8.1 Point-to-Point Link 


Before we talk about topologies in details, let us learn about point-to-point link. To understand 


this, refer to Fig. 10.8. A P-P (Point to Point) link basically relies upon two functions — transmit 


and receive. The main characteristic of P-P 
network is that each station receives exactly 
from one transmitter, and each transmitter 
transmits to exactly one receiver. The 
transmit and receive operations can occur 
over separate wires (for better performance) 
or they can take turns over the same wire 
using a variety of techniques. 


Point-to-point networks can grow in several ways. One method is simply to install a P-P link 


Transmit Receive 


| x | |v | | i | | 


Receive Transmit 


Figur 10.8 Point-to-Point Network. 


between each pair of computers in the network. This approach is called a Mesh. Many 


topologies have been developed, but major ones are : 
® the Star topology ; 


® the Ring or circular ; 
> the Mesh ; 


© the Bus ; 
© the Tree ; 


0.8.9 The Star Topology 


manrelo consists of a central node to which all 
Fig. tp 9) ri ae connected by a single path. (see 
ii ats t is the topology used in most existing 
ae a si networks involving data processing or 
this ig near The most common example al 

0 installations. In this case multiple 3270 


termi 

i i : i 

iin inals are connected to either a host system or a 
Minal controller, 


Ba 


© the Fully connected ; 


Central node 
i 3 (Concentrator) 


Figure 10.9 Star Topology STEN 
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Advantages of the Star Topology : 
<> Ease of service. The star topology has a number of concentration Points (Where 
are joined). These provide easy access tor service or reconfiguration of the ety tion, 
$ One device per connection, Connection points in any network are ork, 


inherent , 


failure. In the star topology, failure of a single connection typically involves di Aii, to 


| 
| 
| 
one node from an otherwise fully functional network. ei 
D Centralized control/problem diagnosis. The fact that the central node is conne 
every other node in the network means that faults are easily detected 


simple matter to disconnect failing nodes from the system, 


Cted di 


Tec 
and tSolateq, h | 
a 


© Simple access protocols. Any given connection in a star network involves only t 
node. In this situation, contention for who has control of the medium for the Central 


purposes is easily solved. Thus in a star network, access protocols are very si 


Disadvantages of the Star Topology 


© Long cable length. Because each node is directly connected to the center, the s 
topology necessitates a large quantity of cable. Whilst the cost of cable is often sigan 
congestion in cable ducts and maintenance and installation problems can increase aw 
considerably. 


© Difficult to expand. The addition of a new node to a star network invol 


ves a connection al] 
the way to the central node. 


© Central node dependency. If the central node in a star network fails, the entire network jg 


rendered inoperable. This introduces heavy reliability and redundancy constraints on 
this node. 


The star topology has found extensive application in areas where intelligence in the networkis 
concentrated at the central node. 


10.8.3 The Bus or Linear Topology 


Another popular topology for data networks is the linear. This consists of a single length of the 
transmission medium (normally coaxial cable) onto which the various nodes are attached (see 
Fig. 10.10). The topology is used in traditional data communication network where the host at 
‘one end of the bus communicates with several terminals attached along its length. 


Workstation 
Server 


la 
oS 


Terminator | | 


Printer 


“gure 10.10 Bus Topology 


"E ; can be 
The transmission from any station travels the length of the bus, in both directions, and 


ne 

. : si 
received by all other stations. The bus has terminators at either end which absorb the e 
removing it from the bus. 


: p” 


| _ 
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pata is transmitted in small blocks, known as packets. Each packet has some data bits, plus a 
header containing, its destination address. A station wanting to trans- mit some data sends it in 


ackets along the bus. The destination device, on identifying the address on the packets, copies 
the data onto its disk. 


Adve. tages of the Linear Topology 


© Short cable length and simple wiring layout. Because there is a single common data path 
connecting all nodes, the linear topology allows a very short cable length to be used. 
This decreases the installation cost, and also leads to a simple, easy to maintain wiring 
layout. 

© Resilient Architecture. The LINEAR architecture has an inherent simplicity that makes it 
very reliable from a hardware point of view. There is a single cable through which all the 
data propogates and to which all nodes are connected. 

© Easy to extend. Additional nodes can be connected to an existing bus network at any point 
along its length. More extensive additions can be achieved by adding extra segments 
connected by a type of signal amplifier known as repeater. 


Disadvantages of the Linear Topology 


© Fault diagnosis is difficult. Although simplicity of the bus topology means that there is very 
little to go wrong, fault detection is not a simple matter. Control of the network is not 


centralized in any particular node. This means that detection of a fault may have to be 
performed from many points in the network. 


Fault isolation is difficult. In the star topology, a defective node can easily be isolated from the 
network by removing its connection at the center. If a node is faulty on the bus, it must be 
rectified at the point where the node is connected to the network. 


© Repeater configuration. When BUS type network has its backbone extended using 
repeaters”, reconfiguration may be necessary. 
© Nodes must be intelligent. Each node on the network is directly connected to the central bus. 


This means that some way of deciding who can use the network at any given time must be 
performed in each node. 


10.8.4 The Ring or Circular Topology 


The third topology that we will consider is the ring or circular. 
In this case, each node is connected to two and only two 
neighbouring nodes. Data is accepted from one of the 
Neighbouring nodes and is transmitted onwards to another 
(see Fig. 10.11). Thus data travels in one direction only, from 
node to node around the ring. After passing through each 
Node, it returns to the sending node, which removes it. 


It is important to note that data ‘passed through’ rather 
than ‘travels past’ each node. This means that the signal 


may be amplified before being ‘repeated’ on the outward 
channel, 


Figure 10.11 Ring Topology 


6. A 
Yepeater amplifies a signal being transmitted on the network. 


a 


= 


410 COMPUTER SCIENCE WITH py 

~X 
Advantages of the Ring Topology : 

® Short cable length. The amount of cabling involved ina ring topology is COMparaby 
of a bus and is small relative to that of a star. This means that less Connections O tha 
needed, which will in turn increase network reliability. S will he 

> No wiring closet space required. Since there is only one cable connecting each nod 
immediate neighbours, it is not necessary to allocate space in the building Ha 0 its 

Wir; 

closets. “iting 


È Suitable for optical fibers. Using optical fibers offers the possibility 
transmission. Because traffic on a ring travels in one direction, it is 
fibers as a medium of transmission. 


of very 


high ș š 
easy 


Peed 
to Use Opti cal 


Disadvantages of the Ring Topology 


© Node failure causes network failure. The transmission of data on a ring goe 
connected node on the ring before returning to the sender. If one node 
through itself, the entire network has failed and no traffic can flow ur 
node has been removed from the ring. 


© Difficult to diagnose faults. The fact that failure of one node will affect all others has Serious 
implications for fault diagnosis. It may be necessary to examine a series of adjacent nodes 
to determine the faulty one. This operation may also require diagnostic facilities to be 
built into each node. 


S through every 
fails to pass data 
atil the defective 


È Network reconfiguration is difficult. Itis not possible to shut down a small section of the ring 
while keeping the majority of it working normally. 


10.8.5 The Tree Topology 


A variation of bus topology is the tree topology. The shape of the network is that of an inverted tree 
with the central root branching and subbranching to the extremities of the network (Fig. 10.1.2), 


| f& |] ag g E T| E] g 
N w — Toe i = ee ow! 
LS oS oS) oo oS oS) ores oS 
| OIE E TS 
Source 
EAL EY Eee 
ian FESS, 


Figure 10.12 Tree Topology 


. . . . S, 
Transmission in this topology 4 


. cas 
takes place in the same way as in the bus topology. In both ndo 
there is no need to remove packets from the medium because when a signal reaches the e 


e a pcm : ions 
the medium, it is absorbed by the terminators, Tree topology is best suited for appli 
which have a hierarchical flow of data and control. Since the tree topology is a modification 
‘pure’ network topology, bus topology, it is a hybrid topology. 


~ p” 
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advantages of the Tree Topology 


© It uses point-to-point wiring for individual segments. 
© Itis supported by several hardware and software venders. 


pisadvantages of the Tree Topology 


© Overall length of each segment is limited by the type of cabling used. 
© Ifthe backbone line breaks, the entire segment goes down. 


© It is more difficult to configure and wire than other topologies. 


10.8.6 Mesh Topology 
In this topology, each node is connected 
to more than one node to provide an 
alternative route in the case the host is 
either down or too busy. It is an 
extension to P-P network. (see Fig. 10.13). 
The mesh topology is excellent for long 
distance networking because it provides 
extensive back-up, rerouting and 
pass-through capabilities. Commu- 


Figure 10.13 Mesh Topology 


nication is possible between any two 
nodes on the network either directly or by passing through. This function is needed in the event 
of a line or node failure elsewhere in the network. The mesh topology is commonly used in 
large internetworking environments with stars, rings, and buses attached to each node. This is 
also ideal for distributed networks. | Wt 


Advantages of Mesh Topology 


© Each connection can carry its own data load. j 
T © Itis robust and provides security and privacy. | wil 
10.2 © In this topology, fault diagnosis is easy. lt 
1. What is meant by topology ? Name Disadvantages of Mesh Topology 


some popular topologies. 


2 What are the factors that must be f i 
considered before making a choice for © Cabling cost is more for mesh topology. 


> Its installation and configuration is difficult. 


the topology ? © Bulk wiring is required for mesh topology. 
- What are the similarities and diffe- 
; rences between bus and tree topologies ? 10.8.7 Fully Connected 
» What Siati : 
are the limitations of star When in a network each host is connected to other directly 


topology ? : i 
ie., there is a direct link between each host, then the 


"ten do you think, ring tapölogy network is said to be 


becomes the best choice for a network ? 


6 Wri cted. This 

wa the two advantages and two dis- filly = z 
‘ aniis of Bus Topology in network. characteristic i z 
‘ve two advantages and two termed as ii 


disadvantages of following network connectivity. (Fig-) 


t . i 
pologies : (i) Star (ii) Tree (iii) Bus. wp ns Bait 
ully conn etwork. 
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10.8.8 Factors to Consider for Topology Selection 
As there are many different types of topologies that can be installed for a co 
what all factors one must consider while decidin g about the preferred topolo ™Puter Neti 
The factors that you must keep in mind for this, are : SY fora Nebioa" 
¢> Cruciality of Work. How crucial the continuit i 
instance, military networks must not f 


preferred for Military networks. 
© Cost. Keeping in mind the budget, you should decide about a topolo 
topology network may be the least expensive way to install a network; Fully 
the most expensive way of creating a network. 
«> Length of cable needed. Sometimes, length of cable must be saved On; the ] 
topology network uses shorter lengths of cable. 
© Future growth. If a network has to grow 
With a star topology, expanding a net 
© Communication Media. Sometimes, 


regular cables. For such conditions, liy 
cable in schools is unshielded twisted 


y of work is a Very import 
ail at any cost thus fully co J actor, For 


NNecteg topolog, 
Sq 


linear bus 
Connected i 


inear bus 
in future, then the topology must sy Port expansi 

work is easily done by adding another concentrate 
difficult terrains like hilly areas do not 


I allow use of 
tear bus topologies are not Possible. The m 


, P o Ost common 
pair, which is most often used with star topologies 


10.9 NETWORK DEVICES 


In the smooth functioning of a computer network, other than computers and wiring, many 
devices or specialized hardware play important roles, In this section, we are discussing about 
these network devices/hardware, 


——— 


10.9.1 Modem 


N j . Sulai = 7 | 

fodems allow you to combine the power of your computer A Modem is a computer perished 
with the global reach of the telephone system. Modem is a that allows you to connect and! 
device which allows a compuer to send and receive data over communicate with other computers 
telephone lines or cable connections. via telephone lines. til 
Because ordinary telephone lines cannot carry digital 
information, a modem changes the digital data from your ess of 
computer into analog data, a format tha can be carried by Modulation is pker 
telephone lines. In a similar manner, the modem receiving the sending date eae niques are 
call then changes the analog signal back into digital data that oe 

2 . na a ed: ; 
the computer can digest. This shift of digital data into analog = Amplitude Modulation), 
data and back again, allows two computers to “speak” with A paaa Modulation} 
> : e : i FM (Freq 

one another. Called modulation/demodulation, this transfor- hase Modulation) 
mation of signals is how the modem receiy, Helii 


ed its name. 
Modems come in two varieties - 


© Internal modems the modems th 


ten at are fixed 
within the computer [sce 


Fig. 10.14(a)]. 
© External modems the modems that are <> 
connected externally to a computer as 


other peripherals are Connected [see 
Fig. 10.14(b)}. 


mode" 


xternâ 
(a) internal modem (b) E 


Figure 10.14 £ 
Bii 


p 


ja COMMUNICATION AND NETWORK CONCEPTS 


erop!" 
10.9.2 ane Registered Jack Teel 
pps is short for Registered Jack-45. RJ-45 is an eight-wire connector, which is commonly used 


fo connect computers on the local area networks i.e., LANs especially Ethernets. (Ethernet is a 
LAN architecture developed by Xerox Corp along with DEC and Intel. Ethernet uses either a bus 
or star topology and supports data transfer rates of upto 10 Mbps.) 


the RJ-45 connector looks very much similar to standard telephone connector (RJ-11 connector), 
but it is wider than RJ-11 as it houses eight wires instead of four. RJ-45 connectors are used to 
connect computers in Ethernet LANs. 


Fig. 10.15 shows an RJ-45 connector, its end view, jack and how it is to be inserted in its jack. 


<a les 
ý < 
f ~ 
[ | ~ 
Pin 1 Pint Pin8 
(a) RJ-45 connector (b) End view of RJ-45 (c) RJ-45 jack (d) Inserting an RJ-45 


connector into its jack. 
Figure 10.15 


10.9.3 NIC (Network Interface Card) 


A standalone computer (a computer that is not attached to a network) lives in its own world 
and carries out its tasks with its own inbuilt resources. But as soon as it becomes a workstation, 
it needs an interface to help establish a connection with the network because without this, the 
workstations will not be able to share network resources. 


The network-interface-card is a device that is attached to each of 
the workstations and the server, and helps the workstation 
establish the all-important connection with the network. 
Each network-interface-card that is attached to a workstation 
has a unique number identifying it, which is known as the 
node address. 


hh EAT AIP ERE et a aed 
iMac NB DRESS) Winty Tre nts 


The MAC address refers to the | 
physical address assigned by NIC 
manufacturer. 


The NIC is also called Terminal Access Point (TAP). Different manufacturers have different names 
for the interface. The NIC is also called NIU — Network Interface Unit. 


The NIC manufacturer assigns a unique physical address to each NIC card ; this physical 
address is known as MAC address. (Media Access Control Address) 


MAC Address 


ie NIC manufacturer assigns a unique physical address 
A ach NIC card ; this physical address is known as Media 
cess Control address (MAC address). A MAC address is a 
es address with each byte separated by a colon e.g. a 
ple MAC address could be: 


1@ : BS : @3 : 63 : 2E < FC 


Bi 
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So, now you know that this MAC address is actually the 
number assigned to the network card of your computer. 


The first three bytes of MAC address are the manufacturer-id The NIC manufacturer assi 


j ; 3 hysical ; 
(assigned to the manufacturer by an international Raat — to each nic can 
. . iE j "the 
organization namely IEEE) and the last three bytes are the Access Betala known as fe 
card-no (assigned by manufacturer) (see Fig .0.16 below). ess (Mac ares 
Manufacturer-id (This code is assigned to manufacturer by IEEE) 
n S á 
10 : B5 : 03 : 63 : 2E : FC Each MAC address is unique 
K for each network card, 
Card-no (assigned by the manufacturer) 
Figure 10.16 Sample MAC address. 
10.9.3A Ethernet Card 
Ethernet Card is a type of NIC card. While NIC is the generic “Network Interface Card” which 


could be for different types of network technologies like Ethernet, Token rir 
Infiband etc. On the other hand, Ethernet Card is a type of 
NIC, which is specific to Ethernet technology. 


As mentioned earlier, Ethernet is a LAN architecture  Ethernetisa LAN architecture developed 
developed by Xerox Corp in association with DEC and Intel. by Xerox Corp along with DEC and intel. 
Ethernet uses bus or star topologies and can support data Ethernet uses either a bus or sta 


transfer rates of upto 10 Gbps. topology and supports data transfer 


rates of upto 10 Gbps. Ethernet can 
The computers that are part of Ethernet, have to install a connect devices in wired LAN or WAN. 


special card called Ethernet Card. 


1g, Fibre channel, 


An Ethernet card contains connections for either coaxial or twisted pair cables (or both) [see 
Fig. 10.17(a)]. If it is designed for coaxial cable, the connection will be BNC’. If it is designed for 
twisted pair, it will have a RJ-45 connection. Some Ethernet cards also contain an AUI connector’. 


= Screw —>ĵ 


Ethernet Card 


Vv Connector 
TH i fingers 


PCI Slots 
(a) Ethernet card and 3 types of (b) How an Ethernet card is inserted in IS 
connections it can support. slot on the motherboard. 
Figure 10.17 


t 
prhe” 
: ; | cable ( 
. BNC Connector (Bayone-Neill-Concelman). It is a standard connector used to connect 10Base2 coax! 
specification for thin coaxial cable), 


: used fo 
_ AUI Connector (Attachment Unit Interface) ~ A 15 pin connector found on Ethernet cards that can be 
coaxial, fiber optic, or twisted pair cable. 


r attacti" 


p 
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This can be used to attach coaxial, twisted pair, or fiber optics 
cable to an Ethernet card. When this connection is used, there is E a ta 
always an external transceiver attached to the workstation. ag 2 7 ace ae — 
Figure 10.17(b) illustrates how an Ethernet card is inserted in ile i 


3 technologies like Ethernet, Token 
its on the motherboard. Usually Ethernet cards are purchased ring, Fibre channel, Infiband band 
separately from a computer, but these days many computers ete. but Ethernet Card is a type 


(such as the Macintosh) include an option for a pre-installed of NIC, specific to Ethernet 
Ethernet card. technology. 


10.9.4 Hub 


A hub is a hardware device used to connect several computers together. A hub contains 
multiple independent but connected modules of network and inter-networked equipment. A 


similar term is concentrator. A concentrator is a device that provides a central connection point 
for cables from workstations, servers, and peripherals. 


Basically, hubs are multi-slot concentrators into which a number of multi-port cards can be Jei 


plugged to provide additional access as the network grows in size. Hubs can be either passive or 
active. 


HUB ‘arene tes eee 
Active hubs electrically amplify the signal as it moves from 


one connected device to another. Active concentrators A hub is networking device having 


5 ; saneintpred : multiple ports that are used for 
are used like repeaters” to extend the length of a network. connecting multiptd-oomputers Dr 


ə Passive hubs allow the signal to pass from one computer segments of a LAN together. 


to another without any change. 


10.9.5 Switch 


A switch is a device that is used to segment networks into different subnetworks called subnets or 
LAN segments. Segmenting the network into smaller subnets, prevents traffic overloading in a 
network. 

A switch is responsible for filtering i.e., transforming data in a specific way and for forwarding 
packets (a piece of message being transmitted) between LAN segments. Switch can support any 
packet protocol. LANs that are segmented through switches are called Switched LANs. 


How a Switch functions 


To insulate the transmission from the other ports, the switch establishes a temporary 


connection between the source and destination, and then terminates the connection once the 
conversation is done. 


| A switch would be like a phone system with private lines in place of the hub’s party line. For 

| instance, Meira Sen at the Maurya Hotel calls Ibrahim Soz in another room, and the operator or 
phone switch connects the two of them on a dedicated line. This allows more conversations at any 
one time thereby allowing more guests to communicate. 


1026 Repeater REPEATERS 


A repeater j 5 a F ing transmitted A Repeater is a network device 
i peater is a device that amplifies a signal be gtr tat diis aaftestorEs signals 
n the network. It is used in long network lines, which exceed far long- Sistaribesteatieiigeten: 
| the maximum rated distance for a single run. 


s} : : ; ; 
A repeater is a device that electrically amplifies the signal it receives and rebroadcasts it. 


A 
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Over distance, the cables connecting a network lose the signal transmitted 
degrades too much, it fails to reach the earr Or if y does arrive, the degrada, © 
message makes it useless. Repeaters can be installec along the way to er 
reach their destination. Repeaters are of two kinds : onplifier and Signal repen ter. 


amplifies all incoming signals over the network. However, it amplifies both th 
concurrent noise. The second type collects t' 2 inbound packet and then retra 


as if it were starting from the source station. 


10.9.7 Bridge 


A bridge is a device that lets you link two networks together. Bridg 
which computers are on which side of the bridge, so they only 


i : €SSageg that n 
to get to the other side to cross the bridge. Bridges can handle networks that follow — 
ame 


protocols. 


10.9.8 Router 


A device that works like a bridge but can handle different 
protocols, is known as a router. For example, a router can link 
Ethernet to a mainframe. The router is responsible for 
forwarding data from one network to a different network. 


If the destination is unknown to a router it sends the traffic 
(bound to unknown destination) to another router (using 


logical addresses) which knows the destination. Based on a networ 
table, routers can help ensure that packets are travelling the 1 
destinations. If a link between two routers fails, the se 


route to keep traffic moving. 


A router differs from a brid 
physical addresses. 


aa 
i ro 
Vo 103 


10.9.8 Gateway 


allow those m 


Sty 
€ signa] ay 
nsmits the Pac 


es are smart | 


enou h t ö 
Wy 


Protocols. 


k road map called a routing 


most efficient paths to their 
nding router can determine an alternate 


ge in a way that former uses logical addresses and the latter uses 


A gateway is a device that connects dissimilar networks. A 
gateway is actually a node on a network that serves as an 
entrance to another network. In enterprises, the gateway 


1. What is a modem ? Name two categories the computer that routes the traffic from a workstation to 
of modems. the outside network that is servin g the Web pages. In homes 

2. Define the following : (i) RIS (i) Ethemet the gateway is the ISP that connects the user to the Internet. 
(iit) Ethernet card (iv) hub (v) switch. I a a proxy ser 

3. Define the following : n enterprises, the gateway node often acts as a } xs 
(i) Protocol (ii) Host (iit) Repeater (@ machine that 3 mor actually a — a ee prevent 
(iv) Bridge (v) Router (vi) Gateway. ii. ji d a firewall (a thi eager | 

4. Briefly explain file transfer protocol. unauthorized ote oor Mam A pee „y, which use 

5 gateway is also associated with both a router, 


- What is protocol ? Name some commonly 
used protocols. 


6. What is TCP/IP ? What is HTTP ? 


7. What is the purpose of using a gateway 
in context of networking ? 


What is the purpose of using a repeater 
in context of networking ? 


headers and forwarding 
tables to determine where 
packets are sent, and a 
switch, which provides the 
actual path for the packet 
in and out of the gateway. 


Gayo) 


A Gateway is ane 


twork device t 
works: 


and external 
completely differ 
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9 WiFi Card 


A WiFi card is either an internal or external Local Arca Network adapter with a built-in wireless 
radio and antenna. The most common WiFi cards used in desktop computers are PCI-Express 
re . 

wiFi cards made to fit the PCI-Express card slots on the motherboard. 


10.9. 


PCMCIA WiFi Card Express Card WiFi Card USB WiFi Card 


Figure 10.18 Various types of WiFi cards. 
Benefits j 1 
The primary benefit of using a WiFi card in a desktop computer is that it allows you to setup 


your workstation or home office without considering the proximity or availability of hard line milly 
network access. tt 


10.9.10 Network Devices and Components Checklists 


1. When/why are hubs and switches required ? : The following checklists provide a general idea 
a nae wena : of the components for different types of 


Ans. Whenever one needs to form a network among 


s.e.. 


f : networks. i 
multiples nodes and network devices, a device like hub : Hi 
or switch is needed. © For Building a small LAN it 
2, How does a hub work ? t © Clients computers with NICs installed i, 
Ans. Hub is a multiport repeater, which broadcasts all : Server | 
information to all other ports. It causes unnecessary : © Hub i 
network traffic. Hence it is called non-intelligent or : 

. :  Cablin 
dumb device. [You can think of a hub as a dumb : 4 6 . f 
postman who does not know the house numbers, so he ; ¢ Networking operating system software. 
A J every house and asks the owner if the letter is : 


For Connecting Offices and Departments 


Hub shares the media/bandwidth among all its : © Clients with NICs installed 
connected nodes, : 


© Servers 
o : : 
Hub does not remember devices/computers con- > © Hubs 
n ‘ : i : 
ected to it, hence broadcasts all information to all: 


© Switch 
connected computers, including the one that sent it. 


Oa : © Cabling 
j hub can send or receive information, but it can't : Netw a OS sof 
o both at a ine. : & Networ software 


Hub A : Router for shared è 
ae is an inexpensive way to connect : a (optional d Internet access HEUS 
Ple nodes/devices to network. : eons) 


a : 
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For Connecting Dispersed Office Sites 
© Clients with NICs installed’ 
<> Servers 
© Hubs 
} Switches 
© Routers at each location for WAN connec- tions/shared Internet access 
© Access server for dialup access for remote users 


©} Cabling 
© WAN service (ISDN/leased line etc.) 


© Network OS software 


Where to Place Server in a Network ? 
The key to good network design is how you place clients in Noa 
relation to servers. Ideally, client computers should be 


placed on the same “logical’’ network as the servers they In a properly designed small to medium. 
sized network environment, 80 percent 


‘ of the traffic on a given network 

Here’s a good rule of thumb. In a properly designed small segment is local (destined for a targetin 

to medium-sized network environment, 80 percent of the the same workgroup), and not a 

traffic on a given network segment is local (destined fora than 20 percent of the network traffic 

target in the same workgroup), and not more than 20 Should need to move across a backbone 

percent of the network traffic should need to move across ithe: spine ‘that connec 
. A segments or subnetworks). 

a backbone (the spine that connects various segments or 

subnetivorks). 

For example, it a network connects the computers of three buildings having number of 

computers as : 


access most often. 


Building A : 120 computers 
Building B : 20 computers 
Building C : 25 computers ; 
3. Why repeaters ? : Here as per the 80 : 20 rule, server should ® 
Ans. When a signal travels along a cable, it tends to : placed in Building A as it hoi T 
lose strength. A repeater is a device that boots or : number of computers. ; 
: four office 


a a network's signal as it passes through and £ Similarly, if a network connects 
tebroadcasts it. É b . 

i having number of computers as : 
Office CP : 220 


Office MR : 85 
Office BR : 75 
Office KG : 40 d pous 
P ou ; 
Then as per 80 : 20 rule, Office cP a ocal 


: tra 
SEEN : the server, to keep the maximum mpute™ 
30e £ it has the maximum number of CO 


4. When are repeaters required ? : 


Ans. Repeaters are mainly used for extending the : 
range when the total length of network cable exceeds 
the standards set, for example, in fast ethernet this 
range is 100 meters. And if you have to connect two 
computers that are more than 100 met 

ers apa 
need repeater. iiir 


These days, there are wireless repeaters als 


Wireless repeaters extend the range of wireless signals 


— 


Chap!" ] 


ose Twisted Pair when..... 


fo] 
p 1. Low Cost — It is Cheap 
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2, Easy Installation — Easy to work with 
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3, No High Speed data requirements — It has Low data rate (Limited data rate (100MHz) 


and limited bandwidth (1MHz) 


4, Transmission over a Short range 


Other Important factors 


© If used for Analog transmission — Amplifiers required every 5 km to 6 km 


© If used for Digital transmission — Repeaters required every 2 km or 3 km (with fast 


Ethernet, every 100 mts) 


© Susceptible to interference and noise 


5, How does a switch work ? 


Ans. A switch has same job as that of a hub’s - i.e., to 


connect multiple computers. But a switch is a smart : 


device (not dumb as hub). It can identify the intended 
destination (use MAL address for this) and send the 


information only to the target computer(s). [Here, a : 


switch is like a smart postman who knows the 
addresses of the recipients and goes only to the house 
where the letter is to be delivered. ] 


A switch does not share the media/bandwidth among 
all its connected computers. 


O No unnecessary traffic generated 
O Can send and receive information at the same time. 


Switches, however, are expensive than hubs. 


6. Difference between hub and switch. 
Ans. 


Hub | 


Switch 
Repea i p 
to H — incoming traffic | Sends traffic only to appro- 
home? nnections | priate connections 
ffers i 7 | 
nection maple lane con- | Establishes two-lane com- 
or eae a either send | munication, facilitating send 
at a time and receives at the same 
time 
Shar 
H es bandwidt : 
its Connections 1 among | Does not share bandwidth, 


im each connection gets full 
~ SSS Se bandwidth 


ii 
XPensiv a 
—*Pensive choice 


. 
. 
` 


ns | Expensive than hubs ; 


Choose Coaxial Cable when... 


1. Television signal distribution has to take 


place 
© Ariel to TV 
© Cable TV 


2. Long distance telephone transmission has 


to take place - Can carry 10,000 voice calls 
simultaneously 


3. Short distance computer systems links 


required 


4. Local area networks are to be formed 


among some computers 


Other Important factors 


©If used for Analog transmission 
Amplifiers are required every 5 km to 6 km 


& If used for Digital transmission 
Repeaters are required every 1 km 


Choose Fibre Optics when.... 


1. 


Greater Data capacity required—Data rates 
of hundreds of Gbps 


Lower attenuation is required 
Secure transmission is desired 


Cost does not matter — most expensive of 
guided media 


Other Important factors 


Greater repeater spacing —10s of km at 
least, i.e., Repeater required every 10 kms 
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Choose Radio Waves when... >y 
1. long distances are to be covered 
2, Signals must be able to penetrate walls, buildings 


3. Transmission must be omnidirectional ( in all directions) 


Other important factors 
Health hazards involved 


Choose Microwave when... 

1. Transmission should be in directional, in a specific direction Straight li 
i s Ine; 
2. cheaper than other unguided media 


3. can be used for long-distance telephone service 


Other Important Factors 


© Requires repeaters every 30 miles; Because of Line-of-sight transmission curvat 
f : A on, Ja 
earth requires stations every 30 miles. Ure Of the 


Choose Satellite when... 
1. When the transmission has to take place over a very large area of Earth 


2. Can be used for long distance Television distribution and Long-distance telephone 
transmission 


Other important factors... 
© expensive towers and repeaters 
subject to interference such as passing 


7. Given the following layout, suggest and justify : airplanes and rain 


the placement of repeaters and switch/hub. 


Choose Infrared whe! 


_ 35 meters — : ea 
e Puding S 1 you want to transmit without any licensing 
(30 computers) (2 computers) * ‘ aie 
of hassles — no license needle 
wy 
Building 1—0 meres _ Building 3 : Other important factors 
(10 computers) (15 computers) : © cannot penetrate solid walls 


Ans. Placement of Repeater should be between 
Building 1 and Building 4 as their distance exceeds 100 
meters. 


Placement of Hub/Switch should be in Building 1, 
Building 2 and Building 2 as all these contain more : 
than 2 computers. 


In building2, however, the 2computers can be : 
connected directly. : 
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g3 Lantastic corporation caters to many high profile clients and has 6 buildings where it runs its 


le 
nae (show! below) 
opel! 


[185] [60] 


[55] 


120 mts 


[55] [70] 


ances between buildings are shown through “5 in above diagram. The numbers in [] 


The dist : raia 2 

indicate number of computers in each building i.e., 
ò Building Pro has 55 computers © Building Greycell has 185 computers 
ð Building Wizard has 60 computers © Building Robo has 55 computers 


© Building Master has 70 computers 


Answer the following questions on the basis of above given information : 
(a) Suggest the possible cable layouts for the buildings. 
(b) Where would you suggest the placement of server ? 


(c) Suggest the cable type that should be used. 
(d) The management wants that the network traffic should be minimized. For this which 
network device would you suggest out of the following devices and why ? 


(i) hub (ii) repeater (iii) bridge. 


Solution. (a) The possible cable layouts can be : 


“Cy (me fat} fo 
Robo Robo 


(Total cable length required to connect (Total cable length required to connect 
buildings through this layout = 190 mts) buildings = 155 mts) 


(b) As per 80-20 rule, the server should be placed in the building with maximum number of 
computers. Thus, we suggest that the server should be placed in Grey Cell building. 


(c) Thicknet coax cable as these can support networks of upto 500 meters (1640 ft) 


(d) To minimize traffic, we should try to stop data broadcast and for this bridge is ideally suited. 
This is because a bridge does not broadcast data rather it identifies the destination segment 


depending upon the receiver's MAC address. 
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10.10 NETWORK PROTOCOLS `X 


A protocol means the rules that are applicable for a network. Protocol defi 
formats for data packets, techniques for detecting and correcting errors Binal Neg Standar 
SO on, ize 


To understand the concept of a communication protocol, let us assume that 4 

to one another. They want to exchange their ideas. But it turns out that = need 7 
egoists. They start talking again simultaneously, then pause for breath ‘tm? A pa 
then start talking again. Now imagine the confusion and chaos. To avoid it ie taneous i = 
set of rules while talking. For instance, say first A must talk, then he/she must 2 Must olay 
put forward his/her ideas, and so on. This common set of Tules woni ee ance, 
communication protocol for A and B. © known k 


A protocol is “a formal description of message formats and the rules that two or more mpe: 

. follow to exchange those messages.” We need protocols every time we want to dae me Mus} 
another computer. Every time we want to print something on a network tie DE on 
protocols. Every time we want to download a file we need Protocols. Every time jon Neg 
save our work on disk, we don’t need protocols — unless the disk is on a network ty 
Usually multiple protocols will be in use simultaneously. For one thing, : 
several tings at once, and often for several people at once. Therefore, n 
multitasking 0. Also, one operation can involve several protocols. For 
NFS (Network File System) protocol. A write to a file is 
performed with an NFS operation, that uses another protocol - 
to perform a function call on a remote host, that uses another A Protocol is a formal description of 
protocol to deliver a datagram to a port on a remote host, that Message formats and the rulesthat 


: two or more machines 
uses another protocol to deliver a datagram on an Ethernet, mit folow 
to exchange those messages, 
and so on. 


ant to 
erver, 


computers Usually do 
NOst protocols Support 
example, consider the 


Some most common protocols are being discussed below. 


10.10.1 HTTP (Hypertext Transfer Protocol) 


The Hypertext Transfer Protocol (HTTP) is an application-level protocol with the lightness and 
speed necessary for distributed, collaborative, hypermedia information systems. It is a generit, 
stateless, object-oriented protocol which can be used for many tasks, such as name servers 
distributed object management systems, through extension of its request methods jonais 
A feature of HTTP is the typing of data representation, allowing systems to ee Wa 
independently of the data being transferred. HTTP has been in use by the World-Wide 
global information initiative since 1990, 


Practical information systems require more functionality than 
simple retrieval, including search, front-end update, and 


annotation. HTTP allows an open-ended set of methods to be rtext Transfer protocol) 
used to indicate the purpose of a request. It builds on the 4 1 bee rules for anier 

rings 7 ; s the ic, im 
discipline of reference provided by the Uniform Resource mn (ie, text, graph wor 


Identifier (URI), as a location (URL) or name (URN), for indica- <ound, video ete.) 0" 
ting the resource on which a method is to be applied. Messages Wide Web) 

are passed to HTTP in a format similar to that used by Internet 

Mail and Multipurpose Internet Mail Extensions (MIME) 


Naa t > ly. 
10. Multitasking is a capability of a computer (in fact its CPU) to handle two or more tasks simultaneous 


10.10.2 


One of the original services on the internet was designed to allow for transferring files from one 
e name ftp which stands for file transfer protocol. Files of any type 


— 


A COMMUNICATION AND NETWORK CONCEPTS 


chop!®" 


P is als 
roxies/ 
allowing 


simplifying the implementation of user agents. 
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o used as a generic protocol for communication between user agents and 
gateways to other Internet protocols, such as SMTP, NNTP, FTP, Gopher and WAIS, 
basic hyper-media access to resources available from diverse applications and 


the HTTP protocol consists of two fairly distinct items : the set of requests from browsers to 


servers an 
use in the we 


object-oriented applications. 


d the set of responses going back to the other way. Althou gh HTTP was desi 
b, it has been intentionally made more genera 


gned for 


| than necessary with an eye to future 


The HTTP has various built-in request methods which allow users to read a web page, Or to 


rea 
remove the web page or 


between two resources. 


FTP (File Transfer Protocol) 


system to another. It goes by th 
can be transferred, although you may have to specify 
whether the file is an ASCII or binary file. They can be 
transferred to any system on the Internet provided that 


permissions are set accordingly. 


ETP offers these advantages : 


(i) It is very useful to transfer files from one network in an org 
(ii) It is an effective way to get a geographically dispersed grou 


d a web page’s header, or to store a webpage, or to append to a named resource, 
to connect two existing resources or to break an existing connection 


or to 


FTP (File Transfer Protocol) is a 


standard for the exchange of files 


across Internet. 


anization to another. 
p to co-operate on a project. 


(iii) It is a potent and popular way to share information over the internet. 


FTP isn’t just the name of the protocol ; it is also the name 
of a program or command. Issue the command by typing 
ftp followed by the address of another site, and press 
enter. 

FTP works as a client/server process. You give the 
command ftp using a remote address such as the 
following : 


FTP newday-horizon com 


The ftp running on your system is client to an FTP 
Process that acts as server on newday-horizon.com. You 
issue commands to the ftp process at newday, and it 
responds appropriately. 


This protocol is mainly concerned with transfer of file. 


Objectives of FTP are : 


$, 
DG 


À, 
-> 


to promote sharing of files 
(computer programs and/or 
data) ; 

to encourage indirect or 
implicit (via programs) use 
of remote computers ; 

to shield a user from 
variations in file storage 
systems among hosts ; and 
to transfer data reliably and 
efficiently. FTP, though 
usable directly by a user ata 
terminal, is designed mainly 
for use by programs. 


10 
10.3. TCP/IP (Transmission Control Protocol/Internet Protocol) 
understand what this means, it is useful to look 


TCP/IP is a layered set of protocols. In order to 
|. First, there is a protocol for mail. This defines 


at : : oti . : 
an example. A typical situation 1S sending mai 
a set of commands which one machine sends to another, &.g-, commands to specify who the 


ar 


i, 
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sender of the message is, w 
Protocol assumes that ther 
like other application prot 
designed to be used together with TCP 
commands get through to the 
not get through. If any 
Split it up into se 
functions are nee 
rather th 
library 


veral datagrams, and make sure 


ded for many applications, they 
an being part of the specifications for se 
of routines that a 
with another compute 


TCP supplies are needed by many 
don’t need them. How 


pplications can use when they 
r. Similarly, TCP 


applications, there are 
ever there are some services that 
every application needs. So these services are put together 
into IP. As with TCP, you can think of 
routines that TCP calls on, but w 
applications that don’t use 
several le 


IP as a library of 
hich is also available to 
TCP. This strategy of building 
vels of protocol is called “layering”. We think of 
the application Programs such as mail, TCP, and IP, as 
being separate “layers”, each of which calls on the services 
of the layer below it, l 


Generally, TCP/IP applications use four layers : 

(i) an application protocol (such as mail) 

(ii) a protocol such as TCP that 
many applications 

(iii) IP, which provides the basic service 
datagrams to their destination 

(iv) the protocols needed to man 
medium, such as Ethe 


10.10.4  SLIP/PPP 


rnet or a point to point line. 


Slip (Serial Line Internet Protocol) 


Serial Line IP (SLIP) was the 
packets over dial-up lines. It defines 
mechanism, but little else. There 
address assignment, link testin 
protocols ove 
by PPP. 


& or multiple 
r a single link. SLIP has been | 


PPP (Point to Point Protocols) 


PPP is the Internet Standard for transmission of IP 
Protocol (PPP), is currently the best solution fi 
PPP is a layered protocol, starting with 


a Link Control Pro 
configuration and testing. Once the 


LCP is initi 


ho it is being sent to, and then the text of ther 
eis a way to communicate reliably betw 
ocols, simply defines a set of commands 
and IP. TCP is responsible 
other end. It keeps track of what is sent, and re 
message is too large for one datagram, e. 


that they all arriv 


are put together into 
nding mail. You can thi 


need reliable network co 
calls on the services of IP. A 


provides services need by 


of getting 


age a specific physical 


an encapsulation 
is no support for dynamic 
xing different 
argely supplanted 
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message, However, ‘ 
een the two computers is 


and messages tobe ca. wall 


Sent. It; 
for making Sure tha ila 
transmitts an 


Ything 
&., the text of the mail, T 


e correctly, Since these 
a Separate Proto 

co 
nk of TCp as forming 
nications 
Ithough the Services that 
still some kinds of applications that 


TCP/IP is the base com- Munication 
protocol of the Internet, |p part of 
TCP/IP uses numeric |p addresses to 
TCP part of 
delivery of 
networked 


join network segments and 
TCP/IP provides reliable 
messages 
computers. 


between 


A Datagram is a collection of the 
“data that is sent as a single 
message. 


first protocol for relaying IP 


SLIP is for delivering IP packets 
Over dial-up lines ; PPP is for 


transmitting IP packets over serial 
lines. 


packets over serial lines. The pacon 
or dial-up Internet connections, including ISD? t 
tocol (LCP) for link Sme 
alized, one or many of several Network Contro 


s 
er OS 
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(NCPs) can be used to transport traffic for a parti- 


ocols cular protocol suite. The IP Control 
col (IPCP), permits the trans- port of IP packets over a PPP link (see Fig. 10.19). PPP 
proto ats both synchronised and unsynchronised lines. 
0 


IPCP - IP Control Protocal JEN for transportation over PPP link ; 


| ppp | NCP - Network Control Protocol +- for traffic transportation 


LCP - Link Control Protocol 


oo for link establishment 


t 


Figure 10.19 Layered PPP, 


suip/PPP Overview . . 
As we all are aware of the fact that a direct connection to the Internet represents the ultimate 
mode of access. But a direct connection (generally through leased lines) is too expensive for an 
individual user. The individual user rather shall opt for a dial-up connection, and this is where 
role of SLIP/PPP begins. 


A compromise between a direct Internet connection and a dial-up connection is to use SLIP or 
PPP. Both SLIP and PPP are similar in many ways, hence we shall be referring to them as 
SLIP/PPP henceforth. 


SLIP/PPP provides the ability to transport TCP/IP traffic ever serial line (e.g., telephone lines) 
between two computers. Both of these computers are supposed to run some sort of TCP/IP 
based network software. This enables a home user to avail direct Internet access for her own PC 
via a simple modem and a telephone line, at a very low cost. The SLIP/PPP enables one to run 
one’s favourite GUI based browser, ftp client etc. for one’s own PC. 


SLIP/PPP provides a form of direct Internet connection in the sense that : 
© The home user's computer has a communications link to the Internet even if it is via a 
service provider (ISP). 
® The home user’s computer has the networking software that can speak TCP/IP with other 


computers on the Internet. 


© The home user’s computer has an identifying address (IP address) at which it can be 
contacted by other computers on Internet. 


T 
0.10.5 Protocols used in Email 


Basically, a protocol refers to standard set of rules used at each end of a communication 
egg in Order to properly transmit information. In order to deal with your email you must 
a mail client to access a mail server. The mail client and mail server can exchange 
en with each other using a variety of protocols. The protocols mainly used with email 
'Ng are IMAP, POP3, SMTP and HTTP. 
Let us briefly talk about these. 


IMAP (Internet Message Access Protocol) is a standard protocol for accessing e-mail from 
ocal server, IMAP is a client/server protocol in which e-mail is received and held for the 
"ser by Internet server. As this requires only a small data transfer this works well even 
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over a slow connection such as a modem. Only if the user requests to read 
email message, then it will be downloaded from the server. You can also 
manipulate folders or mailboxes on the server, delete messages etc. 


3 Specifi 
create and 


POP3 The POP (Post Office Protocol 3) protocol provides a simple, standardized way for i 

access mailboxes and download messages to their computers. Sorso 
When using the POP protocol, all the eMail messages get downloaded from thena 
server to user's local computer. The user can choose to leave copies of his/her dina 
the server as well. The advantage is that once messages are downloaded, the user ie 
cut the Internet connection and read his/her eMail at own leisure without eoa 
further communication costs. On the other hand he/she might have transferred a lot 

message (including spam or viruses), which may prove dangerous for data on PC; of 


SMTP The SMTP (Simple Mail Transfer Protocol) protocol is used when you send email i 
another email users(the recipient). The SMTP protocol is used by the Mail Transfer thease 
(MTA) to deliver the sent eMail to the recipient's mail server. The SMTP protocol can 
only be used to send emails, not to receive them. Depending on the network / Isp 
settings, user may only be able to use the SMTP protocol under certain conditions 


HTTP The HTTP protocol is not a protocol dedicated for email communications, but it can be 
used for accessing mailbox. Also called web based email, this protocol can be used to 
compose or retrieve emails from an email account. Hotmail, Gmail, Ymail, Rediffmail etc 
are good examples of using HTTP as an email protocol. 


10.11 WIRELESS/MOBILE COMPUTING 


This section is going to discuss about wireless and mobile computing technologies. But before 
discussing various wireless and mobile technologies, you must be clear about what wireless 
and mobile computing is and the difference between the two. 


10.11.1 Wireless vs. Mobile Computing 
Wireless refers to the method of transferring information between a computing device, such as a 
personal data assistant (PDA), and a data source, such as an agency database server, without a 
physical connection. Not all wireless communications technologies are mobile. 


Mobile simply describes a computing device that is not restricted to a desktop. A mobile device 
may be a PDA, a “smart” cell phone or Web phone, a laptop computer, or any one of numerous 
other devices that allow the user to complete computing tasks without being tethered, or 
connected, to a network. Mobile computing does not 
necessarily require wireless communication. In fact, it 
may not require communication between devices at all. 


Wireless communication is simply 
. a nn data communication without the us 
Wireless communication is simply data communication of landlines: 
without the use of landlines. This may involve cellular 
telephone, two-way radio, fixed wireless, laser, or satellite 
communications. Here the computing device is 


l j the 
continuously connected to the base network. Mobile computing means that sly 
computing device is not conii 
connected to the base or ce” 


network, 


Mobile, or “untethered,” computing means that the com- 
puting device is not continuously connected to the base or 
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jer l cee 
cra rework. Mobile devices include PDAs, laptop computers, and many of today’s cell 
centré ne i called “smart phones”). These products may communicate with a base location 
phone’ Chant a wireless connection. 
with oe list gives you an idea of different computing devices, which can be either wireless or 
N 
sane or bot 
Wireless vs. Mobile ` Examples 
g x Stationary computer 
7 v Notebook in a hotel 
v x Wireless LANs in historic buildings 
v v Personal Digital Assistant (PDA) 
v v Smart phones, pagers 


11.2 Wireless/Mobile Computing Technologies 


talk about various technologies and interfaces used for wireless and mobile 


10. 


Let us now 
computing. 


1, GSM AROE 
GSM is short for Global System for Mobile communications, which is one of the leading digital 


cellular systems. The GSM standard for digital cell phones was established in Europe in the mid 
1980s. GSM has now become the international standard in Europe, Australia and much of Asia 


and Africa. 

In covered areas, cell-phone users can buy one phone that will 

work anywhere where the standard is supported. To connect to NiO Es 

the specific service providers in these different countries, GSM ~~ ; 

users simply switch subscriber identification module (SIM) Ae works ‘by dividing :a radia 
a nee requency into time slots and then 

cards. SIM cards are small removable disks that slip in and out of  shocating slots to multiple calls. In 

GSM cell phones. They store all the connection data and identi- this way, a single frequency can 

fication numbers you need to access a particular wireless support multiple, simultaneous 

service provider. Unfortunately, the 1900-MHz GSM phones data channels. 

used in the United States are not compatible with the 

international system. 


GSM uses narrowband TDMA, which allows eight simultaneous calls on the same radio 
frequency, TDMA is short for Time Division Multiple Access, a technology for delivering digital 
Wireless service using time-division multiplexing (TDM). TDMA works by dividing a radio 
frequency into time slots and then allocating slots to multiple calls. In this way, a single frequency 
can support multiple, simultaneous data channels. 


T digitizes and compresses voice data, then sends it down a channel with other streams of 
Ba data, each in its own time slot. GSM systems use encryption to make phone calls more 
te. GSM operates in the 900-MHz and 1800-MHz bands in Europe and Asia, and in the 


1900- ; 
U 0-MH2 (sometimes referred to as 1.9-GHz) band in the 
nited St 


. NOMEE OSO 
Jii ates. It is used in digital cellular and PCS-based — 
see GSM is also the basis for Integrated Digital Enhanced GSM uses narrowband TOMA, 
ui ork (IDEN), a popular system introduced by Motorola which allows eight simultaneous 

used by Nextel. calls on the same radio frequency. 


: 


a 
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What is a SIM card ? 


The SIM - Subscriber Identity Module -is a chip card, the size of a first class post, 
a key element in over 600 million GSM (Global System for Mobile) mobile 


about 70 percent of the mobile handset market. 


A SIM is actually a tiny computer chip that gives a cellular device its unique phone 
has memory (for data and applications), a processor and the ability to interact w 
Current SIMs typically have 16 to 64 kb of memory, which provides plenty 
hundreds of personal phone numbers, text messages and other data. 


2. CDMA 


CDMA is short for Code-Division Multiple Access, a digital cellular technology th 


age stamp, Iri 
-dri 
phones — representing 


number, | 
ith the user 
of room for Storing 


at uses 


spread-spectriam techniques. Unlike competing, systems, such as GSM, that use TDMA, CDMA 


does not assign a specific frequency to each user. Instead, every channel uses the full av 
spectrum. Individual conversations are encoded with a pseudo-random digital se 


CDMA is a form of spread spectrum, which simply means that 
data is sent in small pieces over a number of the discrete 
frequencies available for use at any time in the specified range. 
All of the users transmit in the same wide-band chunk ot 
spectrum. Each user's signal is spread over the entire 
bandwidth by a unique spreading code. At the receiver end, 
that same unique code is used to recover the signal. 

CDMA is a military technology first used during World War I 
by the English allies to foil German attempts at jamming 
transmissions. The allies decided to transmit over several 
frequencies, instead of one, making it difficult for the Germans 
to pick up the complete signal. 


3. WLL 


Wireless in Local Loop (WLL or WiLL), is meant to serve subseribers at homes or ottices, Wireless 


ailable 
quence, 


CDMA (Code Division Multiple 
Access) uses a spread-spectrum 
technique where data is sent in 
small pieces over a number of 
discrete frequencies. Each user’s 
signal is spread over the entire 
bandwidth by unique spreading 
code. At the receiver end, the 
same code is used to 
recover the sipnal 


unique 


local loop is analogous with local telephone service, but much more capable A WEL system 
serves a local area by deploying a multiplicity of multichannel transmit receree base stations 
(transceivers) that are within line-ol-site of the intended customers. Fach customer is equipped 
with a miii-station of low power, into which the telephone (or PBN) is connected. The WELL unit 
consists of a radio transceiver and the WLL interface assembled in one metal box. Two cables 
and a telephone connector are the only outlets Irom the boy; 


In WLL services, the telephone 
provided is expected to be as good 


as wired phone. Its voice quality 
a subscriber 


one cable connects to a directional antenna and a phone 
receptacle to connect to a common telephone set. A tan or 


modem could also be connected for fay or computer 


must be high 
carrying out long conversation 
with quality; 


communication. 


When calls are made from the telephone, it signals the buse must not be irritated 
o 


: g i i J . š to use 

station for a connection, which is subsequently established one must be able ai 
a ote ; i ; R = sped hones, cordless P 

through a switch center, exactly as in conventional telephony eanet The 


An incoming call is identitied at the seith center and routed to 
the base station assigned to serve the telephone being called. 
The wireless connection is then made, and the call is completed 
in a conventional manner, 


and parallel phones. 


and 
telephone must support fax E 
communications a 


modem 
ctable to 3 public 


should be conne 
Call Office 
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oijnt-to-point signal transmissions occur through the air over a terrestrial microwave 
= ther than through copper or fiber cables; therefore, fixed wireless does not require 


form fa “a 
= te feeds Or local phone service. The advantages of fixed wireless include the ability to 


satelli -in remote areas without the need f i 
ct with users in remote areas without the need for laying 


ne i 
on cables and the capacity for broad bandwidth that is not 
ew ‘came si a sie 
i eded by fiber or cable capacities. WLL is a system that connects 
sii subscribers to the public switched 


The WLL system pro igi ie) aaa telephone network (PSTN) using 
Units, aS well as with eo a ae = The adio signals as a substitute for 
system IS transparent to the Centra ice and subscribers, and other connecting media. 
interfaces with the most standard Central Office Switches 


and subscriber telephone equipment. 


advantages of WLL 

(i) Lacking exterior plant, reliability is greatly enhanced; as well designed WLL facilities do 
not significantly suffer from weather damage, vandalism, and accidents. 
(ii) WLL system offers better bandwidth than traditional telephone systems. 
Most important, because the WLL system has much better bandwidth than traditional 
telephone systems, superior customer service features and quality can be provided. 
(iv) WLL systems support high quality data transmission, signaling services, and all the 

most advanced customer service features. 


4, GPRS 
GPRS is the abbreviation for General Packet Radio Service. 


GPRS is used for wireless communication using a mobile GPRS is a technology for radio 
transmission of small packets of 
data esp. between mobile devices 


and Internet. 


device. With this service you can access the Internet, send 
emails and large data. You can also watch real time News, 


download games and watch movies. 
How does GPRS work 2 


You must be aware of how files are transferred from one location to another on your computer. 

They are broken down into Packets and sent across. Similarly GPRS also uses the same function 

to transfer data through a network. The information is split into smaller units or Packets and 

sent through the network and is reassembled at the receiving end. GPRS provides a high-speed 

data transter, typically between 56 Kbits per second to 110 k bits per second. A user of the GPRS 

ates is charged only on the amount of data is sent or received as opposed to the duration of 
e connection. 


§. 
IG, 2G, 3G, 4G and 5G Networks 


Theres; ; é secede : : 
ia G" ip wireless networks refers to the “generation” of the underlying wireless network 
Echnology 


Tech Uae 
WMically generations are defined as follows : 


IG 

t (EF j `j > Taree . re 

e = ths (NMT, C-Nets, AMPS, TACS) are considered to be the first analog cellular systems, 

Dich starte : j y : By an. 

W Vstarted early 1980s. There were radio telephone systems even before that. 1G networks 

"eC Conceiy f T ; : . 
Conceived and designed purely for voice calls with almost no consideration of data 


Servic RS ” c i 
es (with the possible exception of built-in modems in some headsets). 


a ee 
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2G networks (GSM, CDMAOne, D-AMPS) are the first 
digital cellular systems launched early 1990s, offering ae ath 
improved sound quality, better security and higher total ; nird Generation} deat 
sae aie data (CSD), Communications technology jg „ „bile 
capacity. GSM supports circuit-switched data ( ' band, packet-based po 2 broag. 
allowing users to place dial-up data calls digitally, so that text, digitize Vales, ane 


the network's switching station receives actual ones and multimedia at data rates y and 
zeroes rather than the screech of an analog modem. possibly higher than 2 m to ang 


Egabits 

second (Mbps), offeri -ONS per 

2.5G networks (GPRS, CDMA2000 1x) are the enhanced of services to ak © Consistent sq 

versions of 2G networks with theoretical data rates up to phone users no matter eee and 

about 104 kbit/s. GPRS offered the first always-on data located in the world, © they are 
service. 


3G networks (UMTS FDD and TDD, CDMA2000 1x EVDO, CDMA2000 3x, TD-SCDMA, Ari 
WCDMA, EDGE, IMT-2000 DECT) are newer cellular networks that have data rates of 384kbit 4 
and more. 
The UN’s IMT-2000 standard requires stationary speeds of 2Mbps and mobile Speeds of 
384kbps for a "true" 3G. 

4G networks. 4G is all about faster Internet speeds — it offers no improvement in making calls or 
sending texts but very fast web-experience compared to 3G. Fourth generation (4G) technology 
offers many advancements to the wireless market such as downlink data rates well over 100 Mbps, 
low latency, very efficient spectrum use and low-cost implementations. 

4G is all about convergence; convergence of wired and wireless networks, wireless 
technologies including GSM, wireless LAN, and Bluetooth as well as computers, consumer 
electronics, communication technology and several others. 


4G wireless technology is also referred to by “MAGIC” which stands for Mobile multimedia, 
Any-where, Global mobility solutions over, Integrated wireless and Customized services. 


( Fixed ) NOTER T 


Pa Sis. % a x 
Cellular eh / Broadcast/ thy 4G is a Mobile multimedia, lene 
\ like 2G, 3G or 4G / ® ot Satellite = System width anytime anyw . 
SE ww Communication // Global mobility support, integrate 
g f t ™ ‘a wireless solution, and Customized 
(WPANs >) Personal Service. 
A WLANs _/ 


4G is an all IP-based integrated system will be capable to provide 100 Mbps for high mobility 


and 1 Gbps for low mobility, with end-to-end QoS and high security, and will offer van = 
services at any time as per user requirements, anywhere with seamless interoperability, @ t aff pur 
The user services include IP telephony, ultra-broadband Internet access, gaming services and k ‘ 
Definition Television (HDTV) streamed multimedia. Underneath 4G will use technologies 
WiMAX and LTE ( Long Term Evolution) etc. 


5G networks. 5G is the fifth generation of wireless communication technologies § pites P” 
i 


cellular data networks. 5G networks promise to provide speeds of upto 100 giga 
second. 5G is set to be 40 to 100 times faster than 4G networks. 


Bi 
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gow! i 
i ireless Communicati i 
3 comparison of Wirele. nication Technologies 


pe” ——_........ — _ 
gig his -26/2.56 3G AG weed EAK G 


ennol s — i k 
1970/1984 1980/1999 1990/2002 2000/2010 2014/2015 
14-16 kops 200 mbps 


Digital Broadband/ unified IP & 


4G + WWW 


cellular cellular CDMA/IP seamless 
technology combo of 
LAN/WAN/ 


WLAN/PAN 


Data + Voice 
converged 
over IP 


Digital voice/ 
Short messaging 
(SMS), Media 


Integrated high 
quality audio, 
video & data 


Mobile 
technology 
(Voice only) 


Better quality 
voice with super 
high speed data | 
transmission 


Packet 
network 


Circuit/Circuit 

for access 

network & 
air interface 


Circuit Internet Internet 


L 4 Some More Mobile Communication Technologies 


Mobile communication technologies are ever evolving. Some other mobile communication 
technologies are listed below : 


EV-DO 
Shorthand for CDMA2000 1xEV-DO (also known as IS-856), a CDMA based 3G technology 
developed by Qualcomm and supported by the 3GPP2 that builds on 1X and supports entirely 


packet based networks. Rev A, the most deployed version of the technology, is capable of peak 
rates of 3.1 Mbit/s in a 1.25 MHz channel. 


HSPA 


High Speed Packet Access is an amalgamation of High Speed Downlink Packet Access 

(HSDPA) and High Speed Uplink Packet Access (HSUPA) that supports increased peak data 

w of up to 10 Mbit/s in the downlink and 5.76 Mbit/s in the uplink. Evolved HSPA (also 

i ta as HSPA+) is a wireless broadband standard that provides data rates up to 84 Mbit/s in 

ii wnlink and 22 Mbit/s in the uplink (per 5 MHz carrier) with MIM) technologies and 
gher order modulation. 

IMS 


IP Multimea: 
Multimedia Subsystem is an architectural framework for delivering Internet Protocol (IP) 


Multimed; j 
oe serice», originally designed by the 3GPP as a part of the vision for evolving mobile 
‘orks beyond GSM. 


LT 
E (Long Term Evolution) 
A OFDMA 


ar iaa oe 3GPP standard, generally branded as 4G, that uses an all-IP flat network 


and is capable of peak downlink speeds 100 Mbit/s and uplink speeds of 50 Mbit/s 


en i 
inm deployeq in a 20 MHz channel, and even higher rates if used with MIMO to deploy LTE 
ultiple channels. 
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X LTE-Advanced 
A 3GPP standard that builds off LTE, offering even greater channel flexibility ang Peak 
} i 


rates of more than 1 Gbit/s. 


WiMax (Worldwide Interoperability for Microwave Access) 


WiMax refers to set of implementations of the IEEE’s 802.16 wireless network stand 

supported by the WiMax Forum, which certifies vendor equipment to ensure interoperaby, 

WiMax requires an all-IP, network architecture and makes uses of OFDMA, and generan, ility, 
Y Uses 


unpaired. 
WiMax 2 


The common name for 802.16m, which is truly 4G WiMax technology capable of mobile q 
speeds up to 120 Mbit/s in a single 20 MHz channel. 802.16m will succeed 802.16¢, with whi 


is backwards compatible. 


7. Mobile Processors 
As per Mobile World Congress 2017, there will be about Five billion mobile phone users jn 2017 in 
India. The popularity of mobile phones of today is because one small machine is capable of 
serving your various needs like communications, tex! creation, sending receiving messages 
calculator, alarm clock, audio video recording, camera, music player etc. 
All this and even more is delivered to you in a small compact machine. All this is made possible 
by one essential and often-overlooked element that’s largely responsible for the speed, 
efficiency, and battery life of your smartphone—the processor. 
Let's take a look at various parts of the processor that work together to enable seamless actions. 
<> CPU, or Central Processing Unit. It receives commands, makes instant calculations, and 
sends signals throughout your device. 
<> GPU, or Graphics Processing Unit. The GPU assists the CPU by handling, the visuals, 
even for games and other graphically-rich applications. 
© Camera ISP (Image Signal Processor). It provides instant image capture, high-resolution 
support, image stabilization, and other image enhancements. 
© Audio and Video. It is a dedicated processing unit for handling audio and video. 
© Radio (RF Transceiver) & 3G/4G Modem. The RF Transceiver receives and transmits Vere 
connections and the modem enables your phone to send and receive digital signals ove 
high-speed celli:lar wireless network or Wi-Fi connection. 
c . P + becaus? 
Smartphones or the mobile phones you use today claim about their performance only beca 
of the capabilities and power of their processors, 
Some mobile processors of today’s age are : 
Qualcomm Snapdragon Snapdragon 835, Snapdragon 820 etc. ; 
Samsung EXYNOS 8890, 7570, 7420 etc. ; 
Huawei KIRIN 960, 955, 950 ete. ; 
Nvidia TEGRA X], KI etc. ; 
MediaTek Helio P10, P20, X20, X30 etc. : 
Apple A8, A9, A10 etc. 


p 


fas 


8. sms 


9 


10. 


1, 


short 
hone, 
f pha-nume j eo : 
ce a message is sent, it is received by a Short Message 
sence Center (SMSC), which must then get it to the appropriate 
mobile device. 
To do this, the SMSC sends a SMS Request to the home Reece eree BME ERE 


p . transmission of short text messages 
location register (HLR) to find the roaming customer. Once to and from a mobile phone, fax 


the HLR receives the request, it will respond to the SMSC machine and/or IP address. 
with the subscriber's status : (1) inactive or active (2) where aetna 
subscriber is roaming. 


Chat 
Chatting is the most fantastic thing on Internet. Chatting is like a text-phone. In a telephonic 


conversations, you say something, people hear it and respond, you hear their responses on the 
spot and can reply instantly. In the same manner, in SS 


mor 


chatting, you type a message on your screen, which is 9 2 0755o a 
immediately received by the recipient ; then the recipient Online textual talk, in real time, is | 
can type a message in response to your message, which is called Chatting. ! 


received by you instantly. 


Video Conferencing 
The next dimension in Internet communication is the Toe AEE SEE T 
A : : . GON EL RENCING -4 | 
videophone. People who have a multimedia PC with a — SS 
- : A - ideophon versation 
camera and video compression handware, access % Internet two-way videophone conversation | 


’ ; = ë among multiple participants is | 
over an ordinary telephone line, and videophone software called Video Conferencing. i 


can see each other while talking, which is what is called pees 
video conferencing. 


Protocols for Chat and Video Conferencing 


With the advent of Internet, communication formats such as chat and video- conferencing etc 
have pained popularity. In this section, we shall talk about some common chat and video 
conferencing protocols, 
Most common chat protocol is IRC (Internet Relay Chat) 
PN Most common video-conferencing protocols are: H.323 and SIP (Session Initiation 
rotocol) 


Choi Protocol IRC 


The IRC (Internet Relay Chat) protocol is a simple, text-based conferencing protocol, involving 
“number of users spread across a number of interconnected servers. These users may chat with 
Si individual users, or may chat with groups of users on “channels” —what other chat 
?°"eMs refer to as “rooms” or “chat rooms”. 

A typical setu 
orming a 
Message d 


P in Internet Relay Chat (IRC) network involves a single process (the server) 
central point for clients (or other servers) to connect to, performing the required 
elivery/multiplexing and other functions. The server forms the backbone of IRC, 


TSOP LER N EDD 
es 
ae 
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providing a point to which clients may connect to talk to each other, and a Point 
servers to connect to, forming an IRC network. The only network configuration allowe 
servers is that of a spanning tree where each server acts as a central node for the rest of 
sees. 


for Other 
d fur iRC 
the Net it 


Video-conferencing protocol H.323 


H.323 is a standard that specifies the components, protocols and procedures that Prov; 

multimedia communication services - real-time audio, video, and data communications - pes 
packet-based networks (including the Internet). H.323 is part of a family of ITU-T (Interna Og 
Telecommunications Union) recommen- dations called H.32x that provides multimedy 
communication services over a variety of networks. These standards define how Hossa: ia 
that are built in compliance with H.323 set up calls, exchange compressed audio and a 
participate in multiunit conferences, and operate with non-H.323 endpoints. ji 


H.323 provides various services and, therefore, can be applied 


in a wide variety of areas - consumer, business, and Two popula video- conferencing 
. . : : . . rotoco ~ 
entertainment applications. It can be applied in a variety of z i i sak 
mechanisms : Ira 
SIP 


© audio only (IP telephony); 

& audio and video (video telephony); 

© audio and data; 

© and audio, video and data. 

< H.323 can also be applied to multipoint-multimedia communications. 


Video-conferencing protocol SIP 


SIP, short for Session Initiation Protocol is an IP telephony signaling protocol used to 
establish, modify and terminate VOIP telephone calls. SIP works with both IPv4 and IPvé6. For 
Internet telephony sessions, SIP works as follows : 


Callers and callees are identified by SIP addresses. When making a SIP call, a caller first locates the 
appropriate server and then sends a SIP request. The most common SIP operation is the invitation. 
Instead of directly reaching the intended callee, a SIP request may be redirected or may trigger a 
chain of new SIP requests by proxies. Users can register their location(s) with SIP servers. SIP 
addresses (URL) can be embedded in Web pages and therefore can be integrated as part of powerful 
implementations such as Click to talk. 


SIP can establish, modify, and terminate multimedia sessions such as Internet telephony calls 
(VoIP — Voice over IP). SIP can also invite participants to already existing sessions, such as 
multicast conferences. Media can be added to (and removed from) an existing session. SIP 
transparently supports name mapping and redirection services, which supports personal 
mobility. 

SIP has taken the VoIP world by storm. The protocol resembles the HTTP protocol, is text based, and 
very open and flexible. It has therefore largely replaced the H.323 standard. 


12. Voice over Internet Protocol, VoIP 


: e 
VoIP is a technology that enables voice communications over the Internet through th 
compression of voice into data packets that can be efficiently transmitted over data networ 


n etwor 


fro mon protocol used for communicating on these packet-switched networks is 
1, or IP. VoIP allows for the transmission of voice along with other data over 
e acket-switched networks and provides an alternative to traditional telephone 
these sng * ich use a fixed electrical path to carry voice signals through a series of switches to 


ë most com 


internet profes? 


Connecting Wi 


13. days you can also connect to Internet wirelessly. Two most common ways to connect to 
These 


Internet wirelessly are : 


li) Wi-Fi 


Wi-Fi refers to Wireless Fidelity, which lets you connect to the Internet without a direct line from 
is 


relessly to Internet 
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converted back into voice at the other end. Data networks, such as the Internet or local 
ks (LANs), have always utilized packet-switched technology to transmit 
area P~, n between two communicating terminals (for example, a PC downloading a page 
informat server, or one computer sending an e-mail message to another computer). 

a 


our PC to the ISP. For Wi-Fi to work, you need : 
© A broadband Internet connection. 


© Awireless router, which relays your Internet connection from the “wall” (the ISP) to the PC. 
A laptop or desktop with a wireless internet card or external wireless adapter. 


435 


Transmitting computer data without wires makes your data especially susceptible to hackers, 
computer users who can intercept your connection and steal your data. If you decide to use 
Wi-Fi at home, be sure that the network you set up is security-enabled. 


Wi-Fi Hotspots. A hotspot is a venue that offers Wi-Fi access. The public can use a laptop, WiFi 
phone, or other suitable portable device to access the Internet through a WiFi Hotspot. 
Hotspots are public locations (such as libraries, hotels, 
airports, and local bookstores and restaurants etc.) with 
free or fee-based wireless Internet access, There are 
Wi-Fi hotspots in thousands of locations around the 
world. Figure 10.20(a) shows a WiFi Network. 


gro 
or, 0.4. 


L Define Mobile 


Communication and 
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eless Communication. 
2 Define GSM, CDMA, WLL. 


3, 
; Compare 1G, 2G and 3G networks. 
* Define the following : 


] (i) 36 (ii) EDGE (iti) sus 


w (iv) TDMA. 
conferencine chat and video 
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What is Vorp 5 
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t 
0 Internet wirelessly, 


FE 


(ii) WiMax 


INTERNET 


Figure 10.20 (a) A Wi-Fi Network 


WiMAX is a wireless digital communications system, 
WiMAX can provide broadband wireless access (BWA) up 
to 30 miles (50 km) for fixed stations, and 3-10 miles (5-15 km) 
for mobile stations. In contrast, the WiFi wireless local area 
network standard is limited in most cases to only 100-300 


feet (30-100 m). 


WiMax requires a tower called WiMax Base Station [see Fig. 10.20(b)], similar toa 
tower, which is connected to the Internet using a standard wired high-speed conn 
opposed to a traditional Internet Service Provider (ISP), which divides that bang 


r er 
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Figure 10.20 (b) WiMax Connection. 


COMPUTER SCIENCE WiTH Pt 
o 


anan ES AAI 


Xi 
cel] 


Corporate branch 
offices 


Smal business 


WiFi HotSpots 


customers via wire, it uses a microwave link to esiablish a connection. In other words, WiMax 
does not depend on cables to connect each endpoint, the Internet connectivity to an end-user is 
provided through microwave link between the tower and the user-endpoint, known as WiMax 


Subscriber unit. 


Wi-Fi 

Range. 100 yards, covers a 
coffee shop, one floor of an 
office building, one home 
Throughput. 11 Mbps 
Security. Limited 


Figure 10.20 (e) Wi-Fi vs. WiMax 


10.12 INTERNETWORKING TERMS AND CONCEPTS 


In this section, we are going to discuss various internetworking terms and conce 


begin our discussion with WWW. 
10.12.1 WWW (World Wide Web) 


The world wide web (WWW) is a set of protocols that allows 
you to access any document on the Net through a naming 
system based on URLs'. WWW also specifies a way—the 
hypertext Transfer protocol (HTTP) - to request and send a 
document over the internet. With these standard protocols of 
WWW in place, one can set up a server and construct hypertext 
documents with links in them that point to the documents on 
the server. 


1, URL means Uniform Resource Locator. It is a pointer to information on the WWW. It can include pointe 


resources such as ftp servers and gopher servers in addition to WWW servers. 


WiMAX 

Range. 6 miles, covers a 
small city with one base 
station. 

Throughput. 72 Mbps 
Security. Multilevel 
encryption 
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chop!" 
on. But post-WWW, the 


re WWW, Internet was mainly used for obtaining textual informati 
Befo ularity grew tremendously because of graphic-intens 
may attribute the explosion in use and popularity of Internet 


ive nature of www. 
to WWW only. 


re, we 


Therefo 


Attributes , ; , 
look at various attributes that have contributed to the success of www. 


Let us have a i 
Ò User-friendly. WWW resources can work easily with most Internet browsers, which are 


very user-friendly. 
Hultimedia Documents. Information on the Web, which may be graphics, 


animations and text is viewed in pages. A web page is a document on the Int 
contain text plus any of these multimedia elements. WWW allows and sup 


Internet users to create, link or display these multimedia web pages. 

(iif) Hypertext and Hyperlinks. A hypertext file is a document that can incorporate text, 
graphic images, audio and video tracks, and most importantly, dynamic links to related 
files or documents, even on net. These dynamic links are called hyper links. 

The WWW supports fully these hypertext files and hyperlinks. Thus net surfing seems 
very easy to the users. 

(iv) Interactive. WWW, with its pages, supports and enables interactivity between users and 

ers through one or more of the following ways : 


audio, video, 
ernet that can 


(ii) 
ports the 


serv 
¢ hyperlinks 
© input boxes 
e.g., radio buttons, check-boxes, text-boxes etc. 
Fig. 10.21 shows such an inter- active web page on WWW. 
ames is the display of more than one inde- 


(v) Frames. WWW also supports frames. Fr 
web page. Fig. 10.21 shows you a web page 


pendently controllable section on single 
containing frames. 


| > be p ipa lee ihe 


~ 
Seare “H (usmg HURKILAU) 
arises tpromoumved. Heo- Key Law ia a Haasan wond for a pacul Oe af 
Aung vet Tha art xt pied arsed the schol 3 Ah and then analy drawn w 


"yn 


Figure 10.21 An interactive web page also containing frames. 
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Telnet į . 

eti ST 

elhet s an older Internet utility that lets you log on to remote computer systems. Basically, a 

ogin cag gives you a character-based terminal window on another system. You get a 
Mpt on that system. If you've permitted access, you can work on that system, just as 


Oou Would i 
uld if you were sitting next to it. 
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Traditionally, Telnet has been used by people who have logins on remote Systems ‘ 
do serious work there, anq Wanti 
But Telnet has some additional uses that are more relevant to i 


People who are oe 
Internet. Most notably, you can use Telnet to connect to thousands of catalo Ori 


in 
around the world. This capability is wonderful for anyone doi 85 at tip, the 


Xpl 
; a 
. oe N§-Serious Tesea Tar 
being able to find out which books in your particular discipline are available earch, l agin 
Specialty libraries in remote locations—all while you plug away at your desk. a Numbe; af 


To find out about available Telnet resources of all kinds, 
you may go to 

http://www. Tights .com/hytelnet/ 
In the following subsection, we'll run an example Telnet 
session, to make you understand the working and use of 


Telnet session. i 


A Sample Telnet Session 


Telnet is an Internet Utility rs = 
you log onto remote = at let, 
systems, "ute; 


To run a telnet session, you first have 


to run the Telnet client and then Connect to the desi 
. 1 
Telnet site, red 


All this is illustrated in following steps : 
(i) ‘Run Teliiet Client 


To do this, firstly, click at Start > Run command and then type Telnet or c 
Run dialog. [Fig. 10.22(a)] 


Widens \ telnet in the 


name of a program, folder, document, 
and Windows wil upen t tor you, 


Enter telnet 
c:\windows\lelnet 
here to run Telnet. 


or) 


Figure 10,22 (a) Run Telnet client. 


(ii) Connect to Telnet Site 

Once you have telnet client running on your system, you need to 

connect to telnet site. This can be done by selecting Connect» Remote [NOTE aa 
System in telnet window [Fig. 10.22(b)] and then by specifying the The default port of fi 
telnet site address in the Host Name : box [Fig. 10.22(c)] and then by and default termina 


oas 3 00 will do in most cases: 
clicking at Connect button. We typed the telnet address of an "#00 
Australian university : library.anu.edu.au. 


pe PR AR Enee ! 
| paiay anu.sdu auf wy 
i © feta T a 


telnet site address! 
Default port type 


Figure 20.22 (b) Connect + Remote System in Telent window. (c) Connect dialog. 
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start browsing 


(iii) 
ee you'll see the default menu of the telnet site [Fig. 10.23(a)}. Directions of using the site are 


available there. For example, to search a book by specifying its subject, we typed the letter S. 
And then we typed the word computer for the subject search [Fig. 10.23(b)]. 


fiie ROETE E 
Jana Hee ee ee mene NE Spi DSa $ tore 
~ MU :Full Catal ETERNETSO 
you may search For MW Library information by the following: aloguer | SUBJECT ù IE catslogee i 
This is the | t 
T > TUILE/SEMUES default menu of} | "OTAN a utue smsa as y A TRA i 
a> AUTH i eo 
> AUTHOR/ TITLE ; ‘or example -----> Sports medicine 
f $> suasect ‘ a telnet site. searched for 
W3 RoS in TITLE /SERIES ete or just -—-> Sports N 
x > WORDS in SUBJECT \ 
Z > Search for Serials, ANU Theses, or Full catalogue or -=--> Bustraita 
Other LIBRARY CATALOGU 
(4) 33 crew vour vanes Í or --—--> australia history (b) |} 
} ù > COURSE tisis 
e7 hark (ISSN etc) 
MUGER H ete 
j igs KISTORY ot Searches some aes IF the subject is a persoa, type LAST mane First ' h 
NRARY IMF ORMATION/SUCCE etc 4i 
i > rnat, for example ----~ > Shakespeare William ath 
Choose one (1.A.B.S.V,K.K Y,YL E.N, T.O) E (HOTE: To RETURN to the MAIN MEM press the [ESC] key). 


4 Please ack at the Reference Desk tor assistance 


Figure 10.23 (a) Default menu of library.anu.edu.au. (b) Specifying the word to be searched. 


ress them press the THIDIT key 


(iv) 
After, it displays the details of the search [Fig. 10.23(c)] you can view further details by the options 


provided [Fig, 10.29(d)]. For example, in the screen shown in Fig, 10.23(c), we typed digit 3 to view 
the details of book numbered 3, shown in Fig. 10.23(d). a 


ia 


j po . 
Yau searched for the SUBMET: computer 


[arat O Leh Wee iparra ct basa i WS abi 9 FR 
You searched tor the SUBJECT: computer auf 


wea teers Seton! 
APUNI Catalogue Cataloque 


K Record 3 of à l 
| Conputer Arithmetic TINE , A mev approach ta sclentific computation / edited by Ulrich W. ' 
| 1 Computer arithmetic | ” Mulisch, Willard L. Miranker. H 

2 Digital compoter arithmetic * designa and Implementation autuaan Symposium on 4 Hew Approach ta Scientific Computation (1982 : ia 
3 A peu approach to scientific computstian Š Thomas J. Vatson IRM Research Center) H 
& Validation numerics : theery and applica! tuns Bd } eutnon kolisen, Ulrich. HETS 
he Miranker, Willard L. RH TOE 
International Business Machines Corparation. tat 
: Thomas J. Watson IBN Research Center, { 
(c) The telnet site PUBLISHED Mev York : Academic Press, 1983. (a) Q 
; ` DE SCRIPT xv, Rp. : i11 ; 25 ca, H 
| iS showing the | SERIES Mates and reports im computer science and mathematics i 3 
r. è 
| search results. Further details of 
| LauEneneeenrerenerenererentns ese teqee Teen eee TT TUTT a search result. 
x1 > RAMCOCE A297 .59 1902 7 
| MEAGAIAVVAVAAGAAIFAAAITGTGAGATANIITAAATAIGANGIAATII YIN ij 
fPicoie type toe renee oi the item you want to ser, DA iKey Mmr to see more information, OR 
ETOO Brew leg P> PRIINI M > MORE BIBLIOGRAPHIC Record B > BACKWARD browse 
i> ey Sew D> DISPLAY Tithe end tuther R ) RETURN to Browsing Mb MEW Search 
m) woma e > RODI TIGL opi bans F > FORVARD browse + >_ADDITLOMAL options 
ee eee ee ere | Choase one (1-1, 0.8,F.8.M.8,.2.5,P,6,1,6.¥.9) M 


Figure 10.23 (c) Details of search conducted. (d) Viewing further details of a search item. 


(v) Finally Disconnect 


To disconnect, you can either choose the Disconnect 


WEB BROWSER 
command from Connect menu or you may even press ee 


Alt +F4 key combination. A Web Browser is a WWW client 

i ý that navigates through the World 
Wide Web and disp! 

0.12.3 Web Browser and Web Server Se ee ee ne 


The World Wide Web (WWW) is based upon clients and 


servers. A WWW client is called Web Browser or simply a 


browser and a WVW server is called a Web Server or just a A Web Server is a WWW server 
Server, [nternet Explorer and Netscape Navigator are two most that responds to the requests 
Popul] ` made by web browsers. 

pular web browsers. 


, 


ees RT 
rene eon BISONS TON 
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10.12.4 Web Sites, Web Addresses and Web Pages 

A location on a net server is called a web site. Each web site has a unique address cal] 

(Uniform Resource Locator) e.g., the web site of microsoft has an address or URL URL 

http://www.microsoft.com. Callleg 
10.12.5 URL and Domain Names 

Let us explore it further. The Internet structure of the World Wide Web is built on a set of 

called Hypertext Transfer Protocol (HTTP) and a page description language called Tules 

Markup Language (HTML). HTTP uses Internet addresses in a special format called a u a 

Resource Locator or URL, URLs look like this : Lorm 


type://address/path 


where type: specifies the type of server in which the file is located, address is th 


: : A e address of 
server, and path tells the location of file on the server. For example, in the follo 


wing URL 
http://encycle.msn.com/getinfo/styles.asp 


http: specifies the type of server, encycle.msn.com is the address of server an 
is the path of the file styles.asp. The other examples of URLs are 


ftp://ftp.prenhall. com, http://www. yahoo.com, news://alt. tenni 5 


Syntax Elements of URLs 


d Setinfolstyle.asy 


By now you have come to know that a URL (Uniform Resource Locator) is an address of a file 
on Internet. Let us discuss the components or syntax elements of URLs. 
A file’s Internet address, or URL, is determined by the following : 

© The type of server or protocol 

© The name/address of the server on the Internet 

© The location of the file on the server (this location may be related as a “path” through the 

file hierarchy) 

The intelligent browsers like Netscape Navigator or Microsoft Internet Explorer, can display filesin 
just about any format available on any of the common types of servers. Table 10.4 lists the types 


of servers you may encounter, along with the protocol they use, and the type(s) of information 
they provide. 


‘Table 10.4 Internet Servers and What They Provide 


Information It Provides 


: e ina 
File Transfer Protocol Text and binary files that are organized m 


hierarchical structure, much like a family tree. 


. e enu 
Transfer Control Protocol/Internet Text and binary files that are organized in 4 m 
Protocol (TCP/IP) structure. 
. . . ia docu- 
Hypertext Transfer Protocol Hypertext/hypermedia files (ie. multimedia other 


meee ; ds, 
ments that contain links to images, souna ‘a Web). 
multi- media documents on the World Wide 


Post Office Protocol (POP) Version 3 and 


Messages sent via electronic mail. 
Simple Mail Transfer Protocol (SMTP) i 


. ical 
Network News Transfer Protocol (NNTP) a hierarchi 


Newsgroups that are organized in 
structure. 


Zel 


vu 


c= 
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In any typical URL eg., http://www.khoj.com, the “http” identifies both the protocol and 
rver: According to standard URL syntax, a colon (:) and two forward slashes (//) follow the 
protacol/server 
The next eqmmponent of the address is the name of the RE eee apr TE 
server, in this case, www.khoj.com. Server names have SAE i neta) 
Itiple components. Commonly a Web server's name will A URL (Uniform Resource Locator 
mu ” for World Wide W ji Fe : specifies the distinct address for 
begin “WWW oz . oF ? E eb. The “.com” suffix each resource on the Internet. An 
(called a domain indicator) indicates that Khoj is a Internet address which is character 
based is called a Domain Name. 


commercial entity, as opposed to a nonprofit organization 
(“org”): a school or university (“.edu”), a branch of the 


government (“.gov’’), etc. 

The naming scheme by which servers are identified is also 
known as the domain name system. Table 10.5 lists some most 
common domains. Another method of addressing servers is 
based on numbers e.g. 203.127.54.9. Such addresses are called 
IP addresses. (We are not getting into details of IP addressing 
method, as it is beyond the scope of this book). 


naming 


The characters based 
system by which servers are 
identified is also known as domain 
name system (DNS). 


Table 10.5 Some Most Common Domains 


S.No. Domain ID Affiliation Remarks 
1. com Commercial for commercial firms 
2. edu Education for educational firms 
3. gov Government for government organizations / bodies 
4. mil Military for Military 
5. net Network resources for ISPs/networks 
6, org Usually non-profit organizations for NGOs and other no-profit 
7. co Company for listed companies 
g: biz . business for business 
J tv television for television companies and channels 


In a sga A je . 
ddition to it, a two letter abbreviation indicating the country name may be used e.g. 
http://www.microsoft.co.in 


he ; 
a = last in suggests that it is based in India (.in). Similarly, the URL http://www.clearnet.nz 
gests that it is based in New Zealand (.nz). Some country abbreviations are being listed 


elow : 
au Australia ca Canada 
dk Denmark fr France 
in India jp Japan 
nz New Zealand uk United Kingdom 
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Web Page 


The documents residing on web sites are called web pages. 
The web pages use HTTP. 

There are many associated terms which should be discussed 
for better understanding. 


Let us discuss them : 


1. HOME PAGE. It is the top-level web page of a web site. When a web-site is 
home page is displayed. . Opened, its 
2. WEB PORTAL. It is a web site, which hosts other web sites. In other Words 
has hyperlinks to many other web sites. By clicking upon these links, the 
web sites can be opened. www.yahoo.com is an example of a web 
examples are www.indiatimes.com, www.khoj.com, etc. 


p= web Porta} 


corresponding 
portal. Other 


A web portal also offers a broad array of resources and services such as e- 
with similar interests sharing ideas and information), search-engine, on-line 


10.12.6 Web Hosting 


As you have read in the previous topic that accessing information on the Web requires data 
communication between a web-browser client and a web-server application. Web hosting is linked to 
this very thing. Web Hosting is a means of hostin g web-server application ona computer system 
through which electronic content on the Internet is readily available to any web-browser client. 


The computer system providing the web-hostin g is known as | WEB/HOSTIN 


web-server or the web host. Web Hosting is a means of hosting 


web-server uapriication on a 
computer system through which 
electronic content on the Internet 
is readily available to any 
web-browser client. 


mail, forums (use 
shopping malls ete, 


Basically, the web hosts allow their customers to place web 
documents, such as html pages, graphics, and other multimedia 
files etc. onto a special type of computer called a web server, 
which maintains constant, high speed connections to the 
backbone of Internet. 


One can choose from various types of web hosting services such as free or virtual or shared or 
dedicated hosting. 


Let us talk about these types of web-hosting, one by one. 


f oe f . a 3 host 
1. Free Hosting. This type of hosting is available with many prominent sites that pian to | 
some web pages for no cost. Examples of such sites are : geocities, tripod, homestead etc. capt | 
à j > ° e fun 
Free is for fun. If you want to experiment with a site or put up a small, personal site for th 
it, a free package will suffice. 


' in 
2. Virtual or Shared Hosting. This type of hosting is provided under one’s own ae ie 
www.yourname.com. With a hosting plan with the web hosting company, one € 
oneself as a fully independent identity to his/her web audience. 


name, 
sent 


any 
i g 2 c stin comp i 
Virtual hosting is where one’s web site domain is hosted on the web server of hosting fully 


p i : z files are care 
along with other web sites. One can access and update to the site and its files ai tg site. 


‘ aintain one 
secured. Through a logon-id and password, one has 24-hour access to maintain „nuch 


i 
P ne . - : sebsite that 
Go “shared” if you are serious about doing some business or have a professional webs ace: 


) : f nd SP 
better off “standing on its own.” Or if you simply prefer your own domain name 4 
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3 pedicated Hosting. In this type of hostin 
veb server from a hosting company. Thi 
maintaining others’ sites or managing a 


Dedicated is for large, high-traffic sites, or 
They are also good for those folks for 


, the en f 
8 company wishing to go online, rents an entire 


s is suitable for compani i i 
$ á anies hosting 1 eb sites, 
big online mall etc. á ae Le 


for those with Special needs such as e- 
whom money is no object. 

4, Co-location Hosting. For those who do not fit the dedicated 
a similar, but less-restrictive hosting, known as co-locatio 
company actually owns the server on which its site is ho 
site rather than the web hosting company, 
web-hosting-company is only responsible 
physical needs. This generally includes a hi 
power supply, and a limited amount of 
hardware upgrades. 

Co-location hosting is similar to that of dedicated hostin 
now provided by the user-company itself and its ph 
company. 

Co-location hosting is suitable for those with complex needs and for those who require the 
ability to make changes as per its changing requirement as and when. 


10.12.7 Web 2.0 


The arrival of Web 2.0 has added many new features to the web applications; it has 
revolutionized the information sharing, user-oriented design, interoperability on the Internet. 
This has provided information sharing in a way that was 


commerce or security. 


“Server mold, hosting companies offer 
n hosting. In this type of hosting, the 
; sted. That is, the company owning the 
1S respon- sible for all server administration. The 
for Providing rack-space for server and meeting its 
igh speed connection to the Internet, a regulated 
hands-on-techical-support, such as data backup or 


g except for the fact that the server is 
ysical needs are met by the hosting 


never dreamed about few years ego. Web 20 refers'to added features 
and applications that make the web 
Web 2.0 provides a much independent solution to interact or more interactive, support easy ` 
commute thoughts with each other through the various online- information exchange and 
online social media's. There are many Web 2.0 sites which interoperability. Some noticeable 


features of Web 2.0 are blogs, wikis, 
video-sharing websites, social 
networking websites, RSS etc. 


have made the online information exchange very users 
interactive like: blogs, wikis, video-sharing websites, social 
networking websites, web applications etc. 


The Internet based tools like RSS, social bookmarking, press release, online marketing, blog’s, 
forums etc made an everlasting impression on people's lives as it has crossed the hurdle of 
socio-economic barriers. Web 2.0 tools are available free and are widely used by people; some of 
the most noticeable are : i 


© Facebook & WordPress 
© Myspace Twitter 

> Digg & YouTube 
> Del.icio.us } Blogger 

> Flickr 


All of the above provide an interactive platform where reviews, opinions, likes ete can be 
Shared among the online users group. It has increased the rate of pasticipation of users on 
online websites and hence given a wide horizon to the online cor munity. Web 2.0 has 
definitely provided a better functionality and allows the visitor to communicate with the 


Website in a much better prospective. 


We 
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10.12.8 HTML 
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The World Wide Web is an exciting new medium, bringing information, images 

and what not to every desktop. Everything that you see on the Web is documents advertising 
special language called HTML or Hypertext Markup Language. This language tells iet Ning 
like Mosaic or Netscape or Internet Explorer how to display text, pictures and links on the ai = 
€en, 


HTML is a document-layout and hyperlink-specification language ie. a language 

design the layout of a document and to specify the hyperlinks. HTML tells the aia to 
display the contents of a hypertext document i.e., a documents including text, images riche to 
Support media. The language also tells how to make a document interactive through 9 at 
hyperlinks. Though HTML is a language that supports multimedia and new page pa 
features yet it has its limitations. ea 


HTML is not a word processing tool ; it is not a desktop publishing solution Or even 
programming language. It is just a page-layout and hyperlink specification language, $ 
HTML provides many layout commands, called tags that let you control the pres 


information on a web pages. For example, there are tags for various types of hea 
image alignment, paragraph alignment, hyperlinking etc. 


entation of 
dings, lines, 


10.12.9 XML (eXtensible Markup Language) 


XML is a markup language for documents containing structured information. 


Structured information contains both content (words, pictures, eic.) and some indication of 
what role that content plays (for example, content in a section heading has a different meaning 
from content in a footnote, which means something different than content in a figure caption or 
content in a database table, etc.). Almost all documents have some structure. 


A markup language is a mechanism to identify structures in a document. The XML specification 
defines a standard way to add markup to documents. 


So XML is Just Like HTML ? 


No. In HTML, both the tag semantics and the tag set are fixed. On the other hand, XML ppe 
neither semantics nor a tag set. In fact XML is really a meta-language for describing mark sf 
languages. In other words, XML provides a facility to define tags and the na f 
relationships between them. Since there’s no predefined tag set, there can’t be any aa 
semantics. All of the semantics of an XML document will either be defined by the applica 
that process them or by stylesheets. 


10.12.10 DHTML (Dynamic HTML) 


RL 
same U 
DHTML refers to Web content that changes each time it is viewed. For example, the 


could result in a different page depending on any number of parameters, such as : 

Geographic location of the reader 

© Time of day 

© Previous pages viewed by the reader 

© Profile of the reader eft inp"! 
DHTML refers to new HTML extensions that will enable a Web page to react to 8 
without sending requests to the Web server. 
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“D namic HTML” is typically used to describe the combination of HTML, style sheets and 
allows documents to be animated. Dynamic HTML allows a web page to change 
after it’s Joaded into the browser - there doesn’t have to be any communication with the web 
server for an update. You can think of it as ‘animated’ HTML. For example, a piece of text can 
change from one size or color to another, or a graphic can move from one location to another, in 
response to some kind of user action, such as clicking a button. Rea 


scripts that 


10 12.11 Web Scripting 
The process of creating and embedding scripts in a web page is known as web-scripting. A fal 
actly Or ee uter-script is a list of commands that are embedded in a web-page normally and ili) 
eee ee executed by a certain program or scripting engine. Scripts may be written He 
for a variety of purposes such as for automating processes iseni eton Me eae TT | 
on a Jocal-computer or to generate web-pages on ies seit. “ 


A Script is a list of commands 
The programming languages in which scripts are written embedded in a web-page. Scripts 
are called scripting languages. There are many scripting are inter- preted and executed by a 
languages available today. Most common ones are certain program or scripting- 
VBScript, JavaScript, ASP, PHP, PERL, JSP etc. engine. 


Types of Scripts 
Scripts are broadly of following two types : 
1. Client-Side Scripts 
Client-side scripting enables interaction within a web page. The client-side scripts are 
downloaded at the client-end and then interpreted and executed by the browser. 
The client-side scripting is browser-dependent. That is, the client-side browser must be scripting 
enabled in order to run scripts. 
Client-side scripting is used when the client-side interaction is used. Some sample uses of 
client-side scripting may be : 


© to get data from user's screen or browser. Hiii l 

© online games. Wig 

n HRG 

> customising the display of page in browser without reloading the page e.g., rollover a We] 
hyperlink highlights that link without reloading the page. ti 


Some popular client-side scripting languages are VBScript, 


JavaScript, Hypertext Preprocessor (PHP). Client-side scripting supports 
interaction within a webpage. ii! 


err 0S 2. Server-Side Scripts 


3 remote login ? What is Telnet ? ia ie =e nas on. GS EERIE 

: — is HTML 7 Wise stk te used 2 re chara e server-end and then sending the result to 

i seat is URL 2 What is WHW 2 ina 

ta webbrowser and webserver. In eneee script, the server does all the work, so it 

Wiet à T hosting ? doesn’t matter which browser is being used at client-end. 

7. Mavs aes aie f Server-side scripting is used when the information is sent 
scripting languages. to a server to be processed at the server-end. 


a 
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Some sample uses of server-side scripting mav be : 
©} Password protection. 
© Browser customization (sending information as per the requirements of client-end browse 
© Form Processing. r 
© Building and displaying pages created from a data base. 
© Dynamically editing changing or adding content to a web page. 


Some popular server-side scripting languages are : Gi Reisen 


PHP (Hypertext Preprocessor), Perl, ASP (Active Server Pages), 


pact Server-side scripti 
is SP (Java Serv s) ete. ripting su 
JSP (Java Server Pages) etc execution at server-end, PPorts 


) 


Comparing Client-Side and Server-Side Scripting 


s | After discussing the basics of the two types of scripts, in this section, we are going to compare 
i different features and uses of these script types. 
| S.No. | Client Side Scripting 
| 1 | Script code is downloaded and executed at client | The script is executed at the server-end and the 
end. result is sent to the client-end. å 
| 2. | Response to interaction is more immediate once | Complex processes are more efficient as the 
the program code has been down- loaded. program and associated resources are not down- 
loaded to the browser. 
3. | Services are secure as they do not have access to | Have access to files and data bases but have 


security considerations when sending sensitive 
information. 


files and databases. 


Does not depend on browsers 


Affected by the processing speed of the host 
server. 


Browser dependent 


Affected by the processing speed of »-r’s 
computer 


10.13 NETWORK SECURITY CONCEPTS 


The networking offers endless possibilities and opportunities to every user of it, along with 


: i À ; ; an 
convenience. But this convenience and endless benefits are not free from risks as there are m y 


a risks to network security. 


i ; : ! ized 
! While ensuring network security, the concerns are to make sure that only legal or author! 


f k : ‘ nitro: 
users and programs gain access to information resources like databases. Also, certain eo 
mechanisms are setup to ensure that properly authenticated users get access only s like 
resources that they are entitled to use. Under this type of security, methane iy 
authorization, authentication, encrypted smart cards, biometrics and firewalls etc. are implemen 
The problems encountered under network security can be summarised as follows : 


cal acce ef 
of various us 


: to 4 

(i) Physical Security holes. When individuals gain unauthorized physi 
computer and temper with files. Hackers do it by guessing passwords 
and then gaining access to the network systems. 


(ii) Software Security holes. When badly written programs or ‘privileged’ soft 
compromised into doing things that they should not be doing. phat 
(tit) Inconsistent Usage holes. When a system administrator assembles a combination © jew: 
ware and software such that the system is seriously flawed froma sec ity point 


ware 4 
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ection Methods 
er or reduce the security threats received under this category, many protection methods 


‘These protection methods are being discussed briefly in the coming lines. 


prot 
To count 


are used. 
l Authorization 

rization determines whether the service provider has granted access to the web service 
Basically, authorization confirms the service requestor’s eroitnitbalsl 
determines if the service requestor is entitled to perform the operation, which can range from 
invoking the web service to executing a certain part of its functionality. 

Authorization is performed by asking the user a legal login-id. If the user is able to provide a 
ogin-id, he/she is considered an authorized user. 


Autho to eh 
the requestor. It FANH 


legal l 


2, Authentication 

Authentication ensures that each entity involved in using a web service ~ the requestor, the 
provider, and the broker (if there is one) - is what it actually claims to be. Authentication 
involves accepting credentials from the entity and validating them against an authority. 
Authentication is also termed as password-protection as the authorized user is asked to provide a 
valid password, and if he/she is able to do this, he/she is considered to be an authentic user. 


3. Encrypted Smart Cards 

Passwords in a remote log-in session generally pass over the network in unencrypted form, any 
hacker (or cracker) can simply record it and can use it later maliciously to corrupt data/files or to 
harm anyone etc. To counter such threats, newer approaches are suggested such as encrypted 
smart cards. 

An encrypted smart card is a hand-held smart card that can generate a token that a computer 
system can recognise. Everytime a new and different token is generated, which even-though 
cracked or hacked, can not be used later. 


4. Biometric Systems 

The biometric systems form the most secure level of authorization. The biometric systems 

involve some unique aspect of a person’s body such as finger-prints, retinal patterns etc. to 

establish his/her identity. 

5. Firewall 

> system designed to prevent unauthorized access to or from a private network is called 

ana o8 Firewalls can be implemented in both hardware and software, or a combination of both. 

— 4 are frequently used to prevent unauthorized Internet users from accessing private 
e a lly i 

j tworks connected to the Internet, especially intranets. All ; 
“ssages entering or leaving the intranet pass through the 


The system designed to prevent 


firey 7 x 
vall, which examines each message and blocks those : 
that do not „o, , : eae unauthorized access to or from a 
i meet the specified security criteria. private network is called Firewall 
here ; 


are several types of firewall techniques : 

[> . R . 

> aos filter. Looks as each packet entering or leaving the network and accepts or rejects it 

hee on user-defined rules. Packet filtering is fairly effective and transparent to users, 
ut it is difficult to configure. In addition, it is susceptile to IP spoofing. 
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¢ Application gateway. Applies security mechanisms to specific applications such 
and Telnet servers. This is very effective, but can impose a performance degra dati S FTp 
. ; On, 
AA © Proxy server. Intercepts all messages entering and leaving the network. The prox 
a effectively hides the true network addresses. Y Serve, 
ae Base . ' 
NA © Circuit-level gateway. Applies security mechanisms when a connection is establi 
oy Once the connection has been made, packets can flow between the hosts without ent 
r checking. Tther 


cer 


sar! 
pare 


In practice, many firewalls use two or more of these techniques in concert. 


Dads 


A firewall is considered a first line of defense in protecting private informati 
security, data can be encrypted. 


10.13.1 Related Terms 
Let us now talk about some terms related to it i.e., some terms related to network security 


on. For Breater 


Cookies 


A cookie is a message given to a Web browser by a Web server. The browser stores the message 
in a text file. The message is then sent back to the server each time the browser requests a page ` 
from the server. 


The main purpose of cookies is to identify users and possibly prepare customized Web pages for 
them. When you enter a Web site using cookies, you may be asked to fill out a form providing 
such information as your name and interests. This information is packaged into a cookie and sent 
to your Web browser, which stores it for later use. The next time you go to the same Web site, 
your browser will send the cookie to the Web server. The server can use this information to 
present you with custom Web pages. So, for example, instead — “a 
of seeing just a generic welcome page you might see a Esa | 


welcome page with your name on it. Cookies are messages that a Web 
server transmits to a Web browser 


The name cookie derives from UNIX objects called magic so that the Web server can keep, 
cookies. These are tokens that are attached to a user or track of the user's activity on à 
program and change depending on the areas entered by the specific Web site. 


user Or program. 


Cookies do not act maliciously on computer systems. They are merely text files that can be 
deleted at any time — they are not plug ins nor are they programs. Cookies cannot be used 
spread viruses and they cannot access your hard drive. This does not mean that cookies are n° 
relevant to a user's privacy and anonymity on the Internet. Cookies cannot read he 
drive to find out information about you; however, any personal information that you give er 
Web site, including credit card information, will most likely be stored in a cookie — 6 
have tumed off the cookie feature in your browser. In only this way are cookies a fee 
privacy. The cookie will only contain information that you freely provide to a Web site. 


Cookies have six parameters that can be passed to them : 


& The name of the cookie. 
© The value of the cookie. 


& The expiration date of the cookie - this determines how long the cookie will rem@ 
in your browser. p pages 

© The path the cookie is valid for - this sets the URL path the cookie is valid in. We 
outside of that path cannot use the cookie, 


in activ? 


a 
j 
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a The don 
makes t 
servers ina 

ð The need for a secure 


secure server condition, such as a site using SSL. Shel aa 


iain the cookie is valid for - this takes the path parameter one step further. This i wish i 
he cookie accessible to pages on any of the servers when a site uses multiple Hare iR 
domain. fabs ; 
connection - this indicates that the cookie can only be used under a PENAT ; 


and Microsoft Internet Explorer (IE) can be set to reject cookies if the user 
the Internet without enabling cookies to be stored. In Netscape, follow the 
/Advanced menu and in IE, follow the Tools/Internet Options/Security menu 


Both Netscape 

refers to use 
Edit/Preferences 
to set cookie preferences. 


and Crackers Hehe 


Hackers : 
a computer enthusiast, ie, a person who enjoys learning 


Hacker is a slang term for 
programming languages and computer systems and can often be considered an expert on the 


subject(s). Among professional programmers, depending on how it used, the term can be either | 
complimentary Or derogatory, although it is developing an increasingly derogatory piip f 
hay 

H 

} 

j 

| 

| 


connotation. The pejorative sense of hacker is becoming more prominent largely because the HENI 


popular press has co-opted the term to refer to individuals 
who gain unauthorized access to computer systems for the 
purpose of stealing and corrupting data. Hackers, 


The Crackers are the malicious | 
programmers who break into bet 


themselves, maintain that the proper term for such 

dividuals is’ cracker. Alih k hackers stili that secure systems whereas Hackers are Hi 
indivi uals is cracker. ough hackers still argue tha more interested in gaining i| 
there's a big difference between what they do and what knowledge about computer | il 


distinction, so the two terms — hack and crack — are often used knowledge for playful pranks. 
interchangeably. 


crackers do, the mass media has failed to understand the systems and possibly using this » iar | | 
i TI t i 

| fier of | 

| 

i 


CyberLaw ae 
Cyberlaw is a generic term which refers to all the legal and regulatory aspects of Internet and the World 
Wide Web. Anything concerned with or related to or emanating from any legal aspects or issues 
concerning any activity of netizens and others, in Cyberspace comes within the ambit of me 
Cyberlaw. The growth of Electronic Commerce has propelled the need for vibrant and effective li 
an mechanisms which would further strengthen the 
gg aa so crucial to the success of Electronic 
nias ri All these regulatory mechanisms and legal 

ures come within the domain of Cyberlaw. 
Cyberlaw 


Cyberlaw is a generic term, which i 
refers to all the legal and regulatory Ht 
o aspects of Inter- net and the World 

is important because it touches almost all aspects of Wide Web. 


tran . © eye 
en mi and activities on and concerning the Internet, the 
tld Wide Web and Cyberspace. 


ndi's If 
Act and IT (Amendment) Act, 2008 


In Indj 
ste cyber laws are enforced through Information Technology Act, 2000 (IT Act 2000) 
iNest oe on 17 October 2000. It is based on the United Nation’s Commission for 
i rade related laws (UNCITRAL) model law. 

ACT 2099's 
facilitate filin 
Infrastructure 


prime purpose was to provide legal recognition to electronic commerce and to 
g of electronic records with the Government, ie, to provide the legal 
for e-commerce in India. 
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mended in December 2008 through the IT (Amendment) Act, 2 
provided additional focus on Information Speutity. lt has added several new section, 

offences including Cyber Terrorism and Data I ae and Information Technolgy 
Amendment Act, 2008 (IT Act 2008) came into force from October 27, 2009 onwards M 
amendments of IT ACT (2008) included : jor 


The Act was later a Uds, 


Digital Signatures Authentication of electronic records by digital signatures Bets legal 


recognition. E E Sk Bh 
Electronic E-Documents get legal recognition. Documents required as per law by any arm 
governance of the government may be supplied in electronic form. 
Offences and The maximum penalty for any damage to computers or computer systems is a 
Penalties fine up to {1 crore. l m 
Amendments to Other related acts such as the Indian Penal Code, 1860, the Indian Evidence 
other laws Act, 1872, the Bankers’ Books Evidence Act, 1891, the Reserve Bank of India 


Act, 1934 were to be amended to align them with the IT Act. 


Cyber Crimes 


The Cambridge dictionary defines Cyber Crimes as Crimes committed with the use of 
computers or relating to computers, especially through the Internet. Universally, Cyber Crime 
is understood as “an unlawful act where in the computer is either a tool or a target or both". 


Cyber Crimes are different from conventional crimes as in cyber crimes; the cyber crime is 
committed in an electronic medium. 


Classification of Cyber Crimes. The Information Technology Act deals with the following cyber 
crimes along with others : 


1. Tampering with computer source documents. A person who knowingly or inten- tionally, 
conceals (hides or keeps secret), destroys (demolishes or reduces), alters (change ™ 
characteristics) or causes another to conceal, destroy, and alter any computer source code used for 
a computer, computer program, computer system or computer network, when the computer 
source code is required to be kept or maintained by law is punishable. For instance, hiding the 


C.D.ROM in which the source code files are stored, making a C File into a CPP File or removing 
the read only attributes of a file. 


2. Hacking, Hacking is usually understood to be the unauthorized access of a computer 
system and networks. Whoever with the intent to cause or knowing that he is likely to 
wrongful loss or damage to the public or any person destroys or deletes oF alters a 
information residing in a computer resource or diminishes its value or utility oF affects 
injuriously by means is said to commit hacking. 


3. Publishing of information, which is obscene in electronic for 


transmits or causes to be published in the electronic form 
its effect is such as to tend to de 


è hes or 
who publis “if 
yious, o 


nts 0 su 
public) 
d the € 
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qof 


Chop! 


10.1 


10.14 VIRUSES 


10 : COMMUNICATION AND NETWORK CONCEPTS 
er ` 


4. Child Pornography. Child Porno 


iyi graphy is a part of cyber porno 
offence that it is individually also r 


ecognized as a cyber crime. 
5. Accessing protected system, Any unauthorized person who secures access or attempts to 


secure access to a protected system is liable to be punished with imprisonment and may also be 
liable to fine. 


graphy but it is such a grave 


such electronic record, book, register, 
erial to any other person shall be liable to be 


3.2 IPR Issues 


The term Intellectual Property (IP) reflects the idea that its subject matter is the product of the 
mind or the intellect. These could be in the fo 


Indications; Industrial Designs; Layout-Designs ( 


Topographies) of Integrated Circuits; Plant 
Variety Protection and Copyright. 


IP, protected through law, like any other form of property can be a matter of trade, that is, it can 
be owned, bequeathed, sold or bought. The major features that distinguish it from other forms 
are their intangibility and non-exhaustion by consumption. 


Intellectual Property rights are legal rights, which result from intellectual activity in the 
industrial, scientific, literary and artistic fields. These rights give statutory expression to the 
moral and economic rights of creators in their creations. Intellectual property rights safeguard 
creators and other producers of intellectual goods and PAra 


2 
services by granting them certain time-limited rights to 


A ė The Intellectual Property may be | 
con 

trol the use made of those Productions. These rights also defined as a product of the intellect | 
Promote creativity and the dissemination and application of that has commercial value, 


its results and encourage fair-trading, which contributes to 


including copyrighted property | 
economic and social development. 


such as literary or artistic works, 
and ideational Property. 


Computer Virus is a 
Sick, just like a real vi 
themselves, Some v 
Malicious, Broadly t} 


1. File infectors 


malicious program that requires a host and is designed to make a system 
rus. Viruses can spread from computer to computer, and they can replicate 
iruses are categorized as harmless pranks, while others are far more 
iree types of viruses are : 

— attach themselves to a program file. 

2. Boot Sector viruses — install themselves on the beginning tracks of a hard drive. 
* Macro viruses — infect data files. 
Most Viruses 


are spread by e-mail attachment and warn them to be suspicious of any files 
attached tou 


Nsolicited messages. The following are characteristics of a computer virus : 
> Itis able to replicate. ick 


TaT pemen 
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> It Tequires a host program as a carrier. Computer Virus is a malicious | 

Oy: R . program that requires a host and is | 
5 It is activated by external action. designed to make a system sick 

S Its r i 


eplication ability is limited to the (virtual) system. just like a real virus. 


} 
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rm of Patents; Trademarks; Geographical 
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10.14.1 How Computer Viruses Spread ? 

Computer viruses move from computer to computer by attaching themselves ¢ 
records of disks and diskettes. These days it is not uncommon to find them in e- 
and other programs that can be downloaded from the Internet. 


o files or bog 
mail attachmens 


A virus is a relatively passive agent that can travel from one file to another on the s 
the infected file is executed, from computer memory to a file on disk, on a di 
from one computer to another (some companies prohibit floppy drives, thereby 
from copying information onto their computers), on e-mail att 
over a modem or network connection. 


Puter jg 
sk that is Carried 
achment executable P z 


P COMPUTER SCIENCE Wit PYTHO 
| 


10.14.2 Damage that Viruses Cause 


Viruses’ main objective is to make your system unstable and cause h 
cause damage in many ways : 


© can destroy file allocation tables (FAT) and lead to the corruption of an entire file system 
resulting in the need to fully reinstall and reload the system. 


arm to data, Mainly these 


© can create bad sectors on the disk, destroying parts of programs and files, 
© can decrease the space on hard disks by duplicating files. 
© can format specific tracks on the disks or format the entire disk. 


© can destroy specific executable files and alter data in dat 


a files, causing a loss of integrity 
in the data. 


© can cause the system to hang so that it does not respond to any keyboard or mouse 
movements. 
| 
| 


10.14.3 Trojan Horses 


A Trojan horse is code hidden in a program such as a game or spreadsheet that looks safe to run 
but has hidden side effects. When the program is run, it seems to function as the user expects, 
but in actuality it is destroying, damaging, or altering ’ 
information in the background. It is a program on its own TROAN HORSE a 
and does not require a host program in which to embed itself. A Trojan Horse is code hidden ina 


e o 
An example of a Trojan horse would be a Christm 
executable that, w 


program such as a gəm “a 
spreadsheet that looks safe to 
but has hidden side effects. 


as 
hen executed, pops up with an animated 
figure of Santa Claus and a caption saying “Merry Christmas.” 
In the background, extra code could be deleting file 


S or 
performing other malicious actions. 


How Trojan Horses Spread 


Trojan horses generally are s 
betw 


a. ge : mation 
pread through e-mail and exchange of disks and infor 


een computers. Worms could also spread Trojan horses. 


Damage Caused by Trojan Horses 


The damage that Trojan horses cause is 
time the users are unaware of the dam 
effect. 


DEESA ee at 


much the same as what a virus causes- 
age it is causing because of the Trojan horse 
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10.14.4 Worms 


A worm is a program designed to replicate. The 
tasks as well. 


The following are characteristics of a worm : ETIA 


ə Itis able to replicate. A Worm is a program designed “| 
g . replicate. 
It is self-contained and does not require a host. 


© It is activated by creating process (it needs a multitasking system) 
© If it is a network worm, it can replicate across communication links. 


program may perform any variety of additional 


Worms are programs that run independently and travel from computer to computer across 
network connections. Worms may have portions of themselves running on many different 
computers. Worms do not change other programs, although they may carry other code that 
does. 


How Worms Spread 


Worms are autonomous agents capable of propagating themselves without the use of another 
program or intervention or action by a user. Worms are found primarily on computers that are 
capable of multitasking and are connected by a network. 


Damage that Worms Can Cause 


Most worms disrupt services and create system management problems. Some worms scan for 
passwords and other loopholes and then send the information back to the attacker. In some 
cases worms can install Trojan horses or viruses that cause damage to the systems. 


10.14.5 Spam 
Spam refers to electronic junk mail or junk newsgroup SPAMU AY ee 
postings. Some people define spam even more generally as Spam refers to electronic junk mail 
any unsolicited e-mail. Merriam-Webster dictionary defines or junk newsgroup postings. 


spam as unsolicited usually commercial e-mail sent to a large 
number of addresses. 
Avoiding Spam 


© One way to help avoid Spam or junk mail is to create a filter that finds and does 


something to e-mail that you suspect is Spam. 
© Another tip is not to register yourself with true id to sign up for things on the Internet. 
These places often share that e-mail address with other companies that then send you 


spam. 


10.14.6 Virus Prevention 


Virus prevention is not a difficult task. All you nee ; 
the following guidelines to lead virus free computing life. 


S: Neverüče 4 “foreign” disk or CD without scanning it for viruses. 

A sources. 
O Always scan files downloaded from the internet or gter arar ARANE, 
© Never boot your PC from a floppy unless you are certain that it 1 i 


© Write protect your disks. 


d to be is extra careful and ensure to follow 


tas 
w> 
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©) Use licensed software. 
© Password protect your PC to prevent unattended modification. 
=> Make regular backups. 
© Install and use antivirus software. 
© Keep antivirus software up to date. 
10.15 E-COMMERCE PAYMENT TRANSACTIONS USING ONLINE BANKING 
Online banking allows a user to execute financial transactions via the Internet, Online b iki 
is also known as “internet banking” or “web banking”. An online bank offers customers = 
Just 


about every service traditionally available through a local branch, including depo 


P A sits, which is 
done online or through the mail, and online bill payment. 


Advantages 
© Convenience is a major advantage of online banking 
© Ineffect, consumers can perform banking transactions 24 hours-a-day, seven-days a Week, 
© Online banking is fast and efficient. 
$% Funds can be transferred between accounts almost instanuly, especially if the two 
accounts are held at the same banking institution. 


Disadvantages of Online Banking 

© For a novice online banking customer, using systems for the first time may present 
challenges that prevent transactions from being processed. 

© Although online banking security is continually improving, such accounts are still 
vulnerable when it comes to hacking. 

© Consumers are advised to use their data plans, rather than public Wi-Fi networks when 
using online banking, to prevent unauthorized access. 

> Additionally, online banking is dependent on a reliable internet connection. Connectivity 
issues from time-to-time may make it difficult to determine if banking transactions have 
been successfully processed. 


> On occasion, consumers may prefer face-to-face interactions for more complex banking 


issues. 
10.15.1 Mobile Banking 
When you perform or use the banking services Wa a 
poi mobile, it is called mobile banking. Difference oe 
Vor 10.6 online banking and mobile banking is that Mobile ont : 
i is done via a mobile banking app while the online ba m 
1. What is hacking ? done via secure website of the bank. Some popular mO 
2. What are cookies ? apps used today are : This 
3. What is cracking ? How is it different © State Bank Freedom (State Bank of India App). xin 
from hacking ? is the official State Bank of India mobile ban 


4. What is Cyber Crime ? 
5. When was IT Act enforced in India ? 
6. What is Spam ? 


application. 


© iMobile Android App (ICICI Bank App ao 
official ICICI Bank mobile banking application 


), This is the 
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M-Connect (BOB App). This js the official Bank of Baroda mobile banking application. 

ə citibank IN (Citibank App). You can manage your Citibank Accounts and Credit Cards 

ith official Citi Mobile application. 

y Application (HDFC BANK). NGpay is also the official mobile banking 

for Axis Bank and HDFC Bank. 


w 


a NGP 
application 


llet 

g-wallet is à similar electronic service used for payments. E-wallet as the name suggests is your 
allet available to you electronically where you can use your own money (in electronic 
form) for payments. Some most popular e-wallets of today are : Paytm, Freecharge, Mobikwik, 
citrus Pay, Airtel Money, Oxigen Wallet, OlaMoney, HDFC PayZapp, Chillr, Pockets By ICI CI Bank, 
JioMoney, SBI Buddy, Rupee, ItzCash ete. 

Govt of India announced a new digital payments app named BHIM - Bharat Interface for 
Money ~ after Babasaheb Dr Bhimrao Ambedkar. BHIM is a digital payments solution app based 
on the Unified Payments Interface (UPI) from the National Payments Corporation af India (NPCI), the 
umbrella organisation for all retail payments systems in India. 
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» Today’s Internet has evolve 


@ 


& InterSpace is said to be the future of Internet. 


*, InterSpace is a client/server software 


rs by means of a communication system. 2 


reduced costs, and increased and fast communication. 
S. Department of 


A network is a collection of interlinked compute 
The networks facilitate resource sharing, increased reliability, 
d from ARPANET (Advanced Research Projects NETwork) of U. 


Defense along with some other networks such as NSFnet and other private networks. 


. Internet is a worldwide network of computer networks. 


program that allows multiple users to communicate online with real-time audio, 


video and text chat in dynamic 3D environments. 


Switching techniques are used for transmitting data across networks. 


oe 


: A network can have any of these transmission media or conne 


+ On the basis of geographical spread, networks can be 


i 


“a 


a 


a 


: S r ia 
mall computer networks that are confined to a localised area e.g., an office, a building etc., are callec 


circuit switching (where complete physical connection is setup prior to 
d forward principle for complete messages), and packet 
kets — a message is divided into fixed sized packets). 


cting media : twisted pair cable, coaxial cable, optical 


Various switching techniques are : 
communication), message switching (which follows store an 
switching (which follows store and forward principle for pac 


fibre, microwave, radiowave, satellite etc. 
classified into LAN (Local Area Network), WAN (Wide Area 


Network), and PAN (Personal Area Network). 
1 LANs. 


kh 
AANS are the networks spread over a city. 
ed by large distances and tied together. It can even be a group of 


A WAN i 
VAN is a group of computers that are separat 
ther to look like a big LAN. 


LANs 
in that are spread across several locations and connected toge 
e : : i 
pattern of interconnection of nodes in a network is called topology. 


Most : 
Popular topolagies are star, bus, ring, and tree. 
communicate with other computers via telephone lines. 


Amodem i 
e ; 
m is a computer peripheral that allows you to connect and 
is commonly used to connect computers on LANs — 


RJ-4 ; 
es s (Registered Jack-45) is an eight-wire connector, which 
pecially Ethernets. 
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Ethernet is a LAN architecture developed by Xerox Corp along with DEC and Intel. It uses either gp 


topology and supports data transfer rates of upto 10 Mbps. 

Computers part of Ethernet are connected through a special card called Ethernet card. 

A hub is a hardware device used to connect several computers together. Hubs can be either active hubs or pase 
A switch is a device that is used to segment networks into different subnetworks called subnets or LAN 
A backbone network is a network that is used as a backbone to connect LANs together to form a WAN, “cameny, 


A repeater is a device that amplifies a signal being transmitted on the network. 


A bridge is a device that links two networks together. 
orks like a bridge but can handle different protocols. 


US op Sta 


ve hubs, 


A router ìs a device that w 

A gateway is a device that connects dissimilar networks. 

ized rules for data packets, techniques for detecting and correcting errors an ds 
oon, 


A protocol is a set of standard 
per Text Transfer Protocol), FTP (F ile Transfer Protocol), TCp 
» ARP AP 


Some most common protocols are : HTTP (Hy 
(Transmission Control Protocol / Internet Protocol). 
Wireless communication is simply data communication \ 
Mobile computing means that the computing device is not continuously connected to the base or central network 
GSM (Global System for Mobile communications) uses narrowband TDMA, which allows eight simultaneous calls 
on the same radio frequency. 

TDMA (Time Division Multiple Access) technology divides a radio frequency in: time slots and then allocates 
allots to multiple calls. 

WLL (Wireless in Local Loop) is a system that connects subscribers to the public switchec io! >phone network 
(PSTN) using radio signal as a substitute for other connecting media. 

SMS (Short Message Service) is the transmission of short text message to and from a mobile piine, fax machine 
and/or IP address. 

Email (Electronic Mail) is sending and receiving messages by computer. 

Online textual talk, in real time, is called chatting. 

A two-way videophone conversation among multiple participants is called video-conferencing. 

Remote login (Telnet) is the process of accessing a network from a remote place without actually being at the actual 
place of working. 

The World Wide Web (WWW) is a set of protocols that allows you to access any document on the net (short for 
internet) through a naming system based on URL’s (Uniform Resource Locators). 

A Web Browswer is a WWW client that navigates through the World Wide Web and displays web pages. A Web 
Server is a WWW server that responds to the requests made by web browsers. 

A URL (Uniform Resource Locator) specifies the distinct address for each resource on the Int 
address which is character based is called a Domain Name. 

A location on a net server is called a Web Site. A document that uses HTTP is called a Web Page. 
The system designed to prevent unauthorized access to or from a private network is called F irewall. 


vithout the use of landlines. 


ernet. An Internet 


r : i ; of the 
Cookies are messages that a Web server transmits to a Web browser so that the Web server can keep track of 


user’s activity on a specific Web site. i 
The crackers are malicious programmers who break into secure systems whereas hackers are more interested în 
gaining knowledge about computer systems and possibly using this knowledge for playful pr anks. 
Viruses are malicious program that damage data and files and cause harm to computer system 
Viruses can be trojan horses, worms and other infective programs. 

Spams are unsolicited mails, 

Online banking allows a user to execute financial transactions via the Internet. 


Difference between online banking and mobile banking is that Mobile banking is done via a mobile 
while the online baking is done via secure website of the bank. 


E-wallet is a similar electronic service used for payments 
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jective Type Questions an 
wltiple Choice Questions i 


j, Two devices are in network if 


(a) a process in one device is able to exchange information with a process in another device 
(b) a process is running on both devices Hee 


(c) the processes running of different devices are of same type 
(d) none of the mentioned i 
3 What is a stand alone computer ? 
(a) A computer that is not connected to a network 
(b) A computer that is being used as a server 
(c) A computer that does not have any peripherals attached to it 
(d) A computer that is used by only one person 


3. Central Computer which is powerful than other computers in the network is called as 
(a) Client (b) Server (c) Hub (d) Ewitch 
4. Network in which every computer is capable of playing the role of a client, or a server or both at 
same time is called 


(a) peer-to-peer network (b) local area network a Hat i 
(c) dedicated server network (d) wide area network Wa 
5. In peer-to-peer network, each computer in a network is referred as Hil | i 
(a) server _ (b) client (c) peer (d) sender 


6. Which transmission media is capable of having a much higher bandwidth (data capacity) ? Hi} í 


(a) Coaxial (b) Twisted pair cable 
(c) Untwisted cable (d) Fibre optic lit 
7. Which type of transmission media is the least expensive to manufacture? JHI | | 
(a) Coaxial (b) Twisted pair cable ji! 
(c) CAT cable (d) Fibre optic |! 
8. Which of these components is internal to a computer and is required to connect the computer to a i 
network ? it 
(a) Wireless Access Point (b) Network Interface card im 
(c) Switch (d) Hub Hie l 
9: A device that forwards data packet from one network to another is called a i} 
(a) Bridge (b) Router (c) Hub (d) Gateway ) 
10, ‘ HA 
Which of the following is the fastest media of data transfer ? Hit t 
(a) Co-axial Cable (b) Untwisted. Wire 
(c) Telephone Lines (d) Fibre Optic 
11, Hub is a 
(a) Broadcast device (b) Unicast device (c) Multicast device (d) None of the above 
o aa 
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Switch is a 
(a) Broadcast device 
(c) Multicast device 


(b) Unicast device 
(d) None of the above 


- The device that can operate in place of a hub is a : 


(a) Switch (b) Bridge (c) Router (d) Gateway 
A repeater takes a weak and corrupted signal and ___ it. 

(a) Amplifies (b) Regenerates 

(c) Resembles (d) Reroutes 


What factors should be considered when selecting the appropriate cable for connecting a PC toa 
network ? (Choose two) 

(a) type of system bus (b) motherboard model 

(c) distance of cable run (d) speed of transmission 

(e) computer manufacturer 


- What are two advantages of using UTP cable in a networking environment ? (Choose two) 


(a) is stiffer than STP 

(b) is less expensive than fiber 

(c) is easier to install than coaxial 

(d) provides longer distances than coaxial provides 

(e) is less susceptible to outside noise sources than fiber is 


- Which cable connectors are used to connect a cable from a router’s console port to a PC? 


(a) RJ-11 (b) RJ-12 (c) RJ-45 (d) none 

18. What are two advantages of using fiber-optic cabling instead of UTP ? (Choose two.) 
(a) lower cost (b) easier to install 
(c) allows longer distances (d) less effected by external signals 


(e) easier to terminate the cable ends 


. Which network topology requires a central controller or hub ? 


(a) Star (b) Bus (c) Mesh (d) Tree 


. Which topology requires a multipoint connection on a single cable? 


(a) Star (b) Bus (c) Mesh (d) Tree 


. Which of the following topologies contains a backbone cable running through the whole length of 


the network? 


(a) Star (b) Bus (c) Mesh (d) Tree 
. Which of the following devices can be used at the centre of a star topology? 
(a) Router (b) Repeater (c) Modem (d) Hub 
. If a computer connected to a star topology fails, the entire network will 
(a) also fail (b) work unaffectedly 
(c) only server will work (d) none of these 
24. A combination of bus and star topologies is called a topology. 
(a) Combination (b) Hybrid (c) Mesh (d) Tree 
25. Internet is an example of topology. 
(a) Star (b) Bus (c) Mesh (d) Bus 
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l converted in a form so as to travel over telephone lines using this device. 
m pata 1 ai (b) Hub (c) Switch (d) Router 
(a) i device that regenerates and retransmits the whole Signalis__. 
j. sc? dem (b) Hub (c) Repeater (d) Bridge 
(a) ek device which connects networks of similar types (same protocols). 
5. one (b) Router (c) Bridge (d) Gateway 
(a) ork device which connects dissimilar networks (different protocols). 
09. -a (b) Router (c) Bridge (d) Gateway 
aon rks devices that sends the data over optimizing paths through connected hops is 
30. y) Hub (b) Router (c) Bridge (d) Gateway 


Fill in the Blanks 


A computer network that spans a relatively large geographical area is called ___ 


2, WAN stands for 


3, Wired networks’ communication media is called media. 
4, Wireless networks’ communication media is called media. 
5 is a protocol which allows users to download E Mail messages from mail server to a local 


computer. 
6. ____is a protocol that allows to send/upload email message from local computer to an email server. 
7. A network of networks is known as __ 
8. Ina network, a machine is identified by unique address called ___ 
9 


. The physical address assigned by NIC manufacturer is called address. 
10. A MAC address consumes bytes or bits. 
ll. A network with a dedicated server is called a network. 
12 


- A computer, part of a computer network is called a 


13. . 
3. A network having a span within a building is called a 


-A network having a span of city, is called a 


l5. The 
16. The 


17. The . 
mo ——— 5 a network device that navigates the data packets over large networks through the 
St efficient route. 


The : 
19. The ——— |S a network device that connects dissimilar networks. 


strena, 1S a networking device that regenerates or recreates a weak signal into its original 
8th and form, 


——— }§ a central connection point where all network cables are concentrated. 


——— 18 a network device that can connect the network segments based on the same protocol. 


e 
2. ~ topology has a central line and all nodes are connected to it. 


' The ra topology has a central controller. 
et San 2 
3, “Pology is said to be a combination af and topologies. 
t 
u, ls °pology, there exists multiple paths between any two nodes of the network. 


i ; 
~~ 58 a small network created by linking many personal devices. 
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True/False Questions 
1. A LAN is connected to large geographical area. 
A client is the computer that asks for the action in a network. 
A computer is identified by 64 bit IP address. 
Every object on the Internet has a unique URL. 


m 


e p 


` A stand alone computer may also be referred to as host. 


am 


Big networks can be of peer-to-peer types. 
MAC address is a 48 bit address. 
A switch can work is place of a hub. 


SS 


A gateway is like a modem. 

10. LAN is the biggest network geographically. 

11. LAN is the smallest network geographically. 

12. PAN is the smallest network geographically. 

13. The Internet is an example of WAN. 

14. The bus topology is the simplest topology. 

15. The star topology ensures that the network will work even when a node fails. 
16. An amplifier and a repeater do the same thing. 

17. A hub broadcasts the received signal to all its connected devices. 
18. A switch is an intelligent hub. 

19. Repeater and router precisely do the same thing. 

20. A hub can be replaced with a switch. 

21. A router can be replaced with a bridge. 


NOTE : Answers for OTQs are given at the end of the book. 


Solved Problems ; 


! What is a network ? Why is it needed ? Or 


; š ide Delhi 2001) 
Mention one advantage of networking. (Outside De™ 


Solution. A network is an interconnected collection of autonomous computers that can share and 
exchange information. Major reasons that emphasize on the need of networks are : 
(1) Resource Sharing. Through a network, data, software and hardware resources can b 
irrespective of the physical location of the resources and the user. 
(ii) Reliability. A file can have its copies on two or more computers of the network, 
them is unavailable, the other copies could be used. That makes a network mor 
(tii) Reduced Costs. Since resources can be shared, it greatly reduces the costs. 
(iv) Fast communication. With networks, it is possible to exchange information at very 


e shared 


so if one of 
e reliable. 


fast speeds: 


a 


2. What are major types of networks and explain ? 
Solution. <> Server-based network 
© Peer-to-peer network 


A 
a 
ee 


Birel 
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„based networks provide centralized control of network resources and rely on server computers 
' security and network administration. 


server 
to provide 


peer-to-peer network, computers can act as both servers sharing resources and as clients using the 
eer tO 56 te 


yesources; : - 


what are the types of Transmission media ? 
1a 


solution. Signals are usually transmitted over some transmission media that are broadly classified in 
to {wo categories. : 
(a) Guided Media. These are those that provide a conduit from one device to another that include 
twisted-pair, coaxial cable and fiber-optic cable. A signal traveling along any of these media is 
directed and is contained by the physical limits of the medium. Twisted-pair and coaxial cable 
use metalllic that accept and transport signals in the form of electrical current. Optical fiber is 

a glass or plastic cable that accepts and transports signals in the form of light. 


(b) Unguided Media. This is the wireless media that transport electromagnetic waves without 


using a physical conductor. Signals are broadcast either through air. This is done through 
radio communication, satellite communication and cellular telephony. 


Qə 


4. What is a communication channel ? What choices do you have while choosing a communication channel for a 
network ? 
Solution. Communication channels mean the connecting cables that link various workstations. There 
are three basic types of cables : 


(i) Twisted-Pair Cables. These cables consist of two insulated copper wires twisted around each 
other. These are also used for short and medium range telephone communication. 


F 


(ii) Coaxial Cables. A coaxial cable consists of one or more small cables in protective covering. in| | 
These are more expensive than twisted pair cables but perform better. Aa 
(iii) Fiber-optic Cables. These cables are made of plastic or glass and are about as thick as human hair. ti {i 
These cables are highly durable and offer excellent performance but are expensive. Har) 


rear Se DG 2 SR Ge es 


Above given media are guided media. Unsigned communication media are microwaves, 
radiowaves and sattellites. 


ur 


What is NIC ? 


a NIC stands for Network Interface Card. It is also known as Network Adapter. It is in the 
orm of add-in card and is installed in a computer so that the computer can be connected to a network. 


Each NIC has a MAC address which helps in identifying the computer on a network. Hi 
What is MAC address ? ite 
Solution. The address for a device as it is identified at the Media Access Control (MAC) layer in the 


ne : i 
tig architecture. MAC address is usually stored in ROM on the network adapter card and is 
que. 


“I 


What j . 
at is the difference between bit rate and baud rate. 


Shere poi is fhe number of bits transmitted during one second whereas baud rate refers to the 
Signal units per second that are required to represent those bits. 
8. What _— = bit rate/N where N is no-of-bits represented by each signal shift. 
width ? 
Solution, Every 


line has a imi rer limi £ i i 
is limited rn an upper limit and a lower limit on the frequency of signals it can carry. 


ge is called the bandwidth. 
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i 
| What are the different types of networking / internetworking devices? 

i Solution. Different types of networking/internetworking devices are : 

i . . . . 

i © Repeater. Also called a regenerator, it is an electronic device that operates on] at ph 
i layer. it receives the signal in the network before it becomes weak, regenerates fee Ysical 
i bit pattern and puts the refreshed copy back in to the link. Origina 
i P P 

) © Bridges. These operate both in the physical and data link layers of LANs of same 

i divide a larger network in to smaller segments. They contain logic that allow them to ‘i 
f traffic for each segment separate and thus are repeaters that relay a frame only th e 
i 

l 

i 

4 

i 


: e 
f i € sid 
segment containing the intended recipent and control congestion. € Of the 


© Routers. They relay packets among multiple interconnected networks (i.e, LANs of diff, 
| type). They operate in the physical, data link and network layers. They contain software that en 
i them to determine which of the several possible paths is the best for a particular transmisio le 

© Gateways. They relay packets among networks that have different protocols (e.g., between 3 ua 

| and a WAN). They accept a packet formatted for one protocol and convert it to a Packet forma! 

| for another protocol before forwarding it. They operate in all seven layers of the OSI model. 

| 


| 10. Govt. of Delhi has computer networks inside each of its buildings. It has now interconnected the networks 9 
Administration building and of Student center building. The networks so formed are marked below as 
numbers. Mention which types of networks is each of these ? 


Student center 


Highway 


Science building Administration building | 
Solution. 
| Network number |_Type of network | 
| 123 LAN | 
| 4 | WAN (it is connecting only networks 2 and 3) 


11. What is the difference between Hub, Switch, and Router? 


Solution. 


| 
complicated out of these three- ; | 


p : é 7 ost 
Hub is the least expensive, least | Switches work similarly like Hubs | The router is smartest an “ber 
intelligent and least complicated | but in a more efficient manner. It sizes 
of the three. It broadcasts all data | creates connections dynamically | comes in all shapes ae little 
1 7 


Routers are similar 
i ou 
computers dedicated for ° 


network traffic. 


to every port which may cause 
serious security and reliability 
concern. 


and provides information only to 
the requesting port. 


way 
In a Network, Hub is a common d at gate 


connection point for devices 
connected to the network. Hub 
contains multiple ports and is 
used to connect segments of LAN. 


Routers are locate 


Switch is a device in a network kets 
and forwards data pac 


Which forwards packets in a 
network. 
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What is a Hub ? 
Expand the following terms with respect to Networking ; 

(i) MODEM (ii) WLL (iii) FTP (iv) TCP/IP 
How is Coaxial cable different from Optical Fibre ? 
(d) “Bias Methodologies ‘i planning to expand their network in India, starting with three cities in India to 
build infrastructure for resen ch and development of their chemical products. The company has planned to 
setup their main office in Pondicherry — at three different locations and have named their offices as “Back 
office”, “Research Lab” and Development Unit”. The company has one more Research office namely 
“Corporate Office” in “Mumbai”. A rough layout of the same is as follows : l 


Corporate unit Pondicherry 
[Mumbai] 
Research 
lab 


Back 
office 


Development 
unit 
Approximate distance between these offices is as follows : 


eai N T el 
Corporate Unit 


Back Office Development Unit 


In continuation of the above, the company experts have planned to install the following number of 


(i) Suggest the kind of network required (out of LAN, MAN, WAN) for connecting each of the following 
Office units : 
© Research Lab and Back Office 
© Research Lab and Development Unit 
(ii) Which one of the following devices will you suggest for connecting all the com 
their office units ? 
© Switch/Hub 
© Modem 
© Telephone 


puters with in each of 


ee > SO i 


Z 
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(iii) Which of the following communication media, you will suggest to be procure 
connecting their local office units in Pondicherry for very effective (High Spee 
® Telephone Cable © Optical Fibre 
® Ethernet Cable 
(iv) Suggest a cable/wiring layout for connecting the company’s local office units loca 
Also, suggest an effective method/technology for connecting the company’s 
Mumbai. 


Solution. 


d by the com 


d) Communication a 


ted in Pondiche 
office unit located A 


(Delhi 2008) 


(a) A hub is a hardware device used to connect several computers together., 
(b) (i MODEM - MOdulator DEModulator 

(ii) WLL - Wireless in Local Loop 

(iii) FTP - File Transfer Protocol 

(iv) TCP/IP - Transfer Control Protocol/Internet Protocol. 


(c) Coaxial cables have solid wire core surrounded by one or more foil or w 
optical fibres consist of thin strands of glass or glass like materials. 


Coaxial cables transmit electrical signals whereas Optical fibres i 
transmit light signals or laser signals. Research 
lab 


(d) (i) Between Research Lab and Back office - LAN 
Development 
unit t 


Between Research Lab and Development unit - MAN 
13. Software Development Company has set up its new center at Raipur for its office and web based activities. It 


(ii) Switch/hub (iii) Optical fibre 

(iv) Suggested layout is shown in adjacent figure. 
has 4 blocks of buildings named Block A, Block B, Block C, Block D. [CBSE Sample Paper 2019-20} 
Number of Computers 


Technology for connecting to Mumbai office — 
Block A 


à 
a 


ire shields whereas 


Shortest distances between various Blocks in meters 


Block A to Block B 
Block B to Block C 


Sattellite. 
Block B 50 
Block C 


(i) Suggest the most suitable place (i.e, block) to house the server of this company with a suitable reason. 
(ii) Suggest the type of network to connect all the blocks with suitable reason. 
(iii) The company is planning to link all the blocks throu 
A way to connect all the blocks. 
(iv) Suggest the most suitable wired medium for efficiently connecting each computer installed in every 
block out of the following network cables « j 
© Coaxial Cable 


Block C to Block A 
Block D to Block C 


© Ethernet Cable 
© Single Pair Telephone Cable. 
Solution. (i) Block C, It has maximum number of com 


ters. 
(ii) LAN nes 


(iti) Star topology (iv) Ethernet cable 


: 
i 
| 
: 
i 
| 
| 
i 
| 
| 


. : est 
gh a secure and high speed wired medium. Sugse 
| 
1 
| 
4 
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r ste ference between Message Switching technique and Packet Switching technique ? 
: oie a (CBSE D 2016C) 


i 


entiate between P acket switching and message switching technique in network communication. 
r . 


(Deihi 2011) 


piff 
Expand the following terminologies : (i) TCP/IP (ii) XML (iii) CD MA (i) WLL 
p) EX 


l Write two applications of Cyber Law. 
c 


The Great Brain Organisation 
(a) has set "P its new Branch at 
Srinagar for tts office and web 


based activities. It has 4 Wings 
of buildings as shown in the 


diagram : 


Number of Computers 


Wing X 


Center to center distances 
between various blocks 


egy e 


(i) Suggest the most suitable cable layout of connections between the Wings, and topology. 

(ii) Suggest the most suitable place (i.e, Wing) to house the server of this organisation with a suitable 
reason, with justification. 

(iii) Suggest the placement of the following devices with justification: (1) Repeater (2) Hub/ Switch 

(io) The organization is planning to link its head office situated in Delhi with the offices at Srinagar. 
Suggest an economic way to connect it ; the company is ready to compromise on the speed of 
connectivity. Justify your answer. (Delhi 2005) 

Solution, 

(@) Message Switching. In this form of switching no physical copper path is established in 
advance between sender and receiver. Instead when the sender has a block of data to be sent, 
it is stored in first switching office, then forwarded later, one jump at a time. 

Packet Switching. With message switching there is no limit on block size, in contrast packet 
Switching places a tight upper limit on block size. 
(i) Transmission Control Protocol/Internet Protocol 
(ii) eXentensible Markup Language 
(iii) Code-Division Multiple Access 
(iv) Wireless in Local Loop. 
() Two applications of cyber law are : 
yber law are: 
(i) Digital transactions 
(ii) Activities on Internet. 
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(d) () Bus Topology N, 


(ii) The most suitable place to house the server is Wing Y as it has the 


computers thus cabling cost will be reduced and most traffic w most 


; n 

ill be local, Umber of 

(i) (1) As per suggested layout separate repeaters need not be instal 
building/wing will be having a hub that acts as a repeater. aed as, 


(2) One hub per wing. 


(i) An economic way of connecting is Dial-up or broadband as it can connect two computers 
at an economic rate though it provides lesser speed than other expensive methods, 


What are the different types of networks ? What is the geographical scope of LAN, MAN and WAN ? 


Solution, Networks vary widely in their size, complexity and geographical spread. On the basis of 
geographical spread, networks can be classified into three categories : 


(D) Local Area Netwworks (LANs). These are computer networks confined to a localised area suchas 
an office or a factory. 


(i) Metropolitan Area Networks (MANS), These are the networks that link computer facilities with 
a cty. 


ote A i poe i aps, sav acros 
(iit) Wide Area Networks (WANs). These are the networks spread over large distances, i: 5 
; . Fi . a scted together. 
countries or even continents. It can even include a group of LANs conne cted tog 


What are the important topologies for networks ? 
Solution. Important network topologies are : cable in? 
. 5 : g . > network CH 
© BUS topology. In this each computer is directly connected to primary ne 
single line. 


: : . r Saeni p) ond. 
Advantage. Inexpensive, easy to install, simple to understand, easy to exte 


& STAR topology. In this all computers are connected using a central hub. 


shat 
y to trouble an 


Advantage, Can be inexpensive, easy to install and reconfigure and eas 
physical problems. 
P3 ul a e3 š : le, 
© RING topology. In this all computers are connected in loop. an be sint” 
: ` Be a jon Cé ter 
Advantage, All computers have equal access to network media, installat a comp" 
i i : tae cause a 
and signal does not degrade as much as in other topologies bece 
regenerates it. 


E yoo es ene TE PR 2 v a 
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Jain in brief the capabilities and services supported by LAN. 

i ‘ i . . 
: ation Small computer networks that are confined to a localised area (e.g., an office, a building or a 
ak sry) are known as Local Area Networks (LANs). The key purpose of a LAN is to serve its users in 
ee sharing. The hardware as well as software resources are shared through LANs. For 
instance, LAN users can share data, information, programs, printer, hard-disks, modems etc. One 
vie has a printer connected to it and other nodes on the LAN can communicate with it in order to 
ori files and hence allowing expensive peripherals to be shared among number of users. 
P 


einemeree eee et SENECA eT 


: <p : op ? “ne Quiside Delhi 1999) RHH 
What 1s the purpose of using router / (CBSE Outside Delhi 1 


Solution. A router can work like a bridge and can also handle different protocols. A router can locate 
the destination required by sending the traffic to another router, if the destination is unknown to 


itself. i | 
(a) Give two examples of PAN and LAN type of networks. (CBSE Delhi 2016) ji 

ti d k ; 

(b) Differentiate between PAN and LAN types of networks. (CBSE Outside Delhi 2016) Hi 


Solution. Ni 
(a) PAN : Examples Hit | | 
(i) Network formed by connecting smartphones of family members to laptop via bluetooth. HE 
(ii) Network formed by connecting devices like printer, laptop, smartphone, digital recorder ete. 
LAN : Examples 
(i) Network formed by computers in an office. 
(ii) Network formed by computers in a bank. 
(b) PAN expands to Personal Area Network. 
LAN expands to Local Area Network. i | 


A PAN is a computer network organized around an individual person where a small network is 

formed by connecting various devices of the individual e.g., a laptop, a printer, a smartphone, digital WAN 
recorder ete. He 
LAN interconnects some stand-alone computers within a confined physical area upto a kilometer, 

eg. a LAN inside a university or a LAN inside a hospital ete. 


What are tivo types of modems ? 
Solution. Modems come in tivo varieties : 


1. Internal modems are the modems that are fixed within the computer. 
7 J 


~ 


External modems are the modems that are connected externally to a computer as other 
peripherals are connected. 
Write tivo advantages of 4G over 3G Mobile Teleconmmunication Technologies in terms of speed and services. 

. (CBSE Delhi 2016) 
“olution, Speed. 4G offers peak download speeds of more them 10 Mbps while 3G offers peak 
ownload Speeds around 3.1 Mbps. 


Services. Usin 
Performance, 


What 


g QoS, Quality of service technology, 4G can prioritize services to offer flawless 
eg, VoIP is prioritized over other data to offer flawless calling experience. 


{3 


So 40 you mean by network topology ? What are the most popular topologies ? ISE Question Bath 
ee Topology refers to the way in which the workstations attached to the network are 
erco, Cte ` b, f 
nnected. The most popular topologies are : 


A x R ts 4 
Bus or Linear a Ring 4 Star A Tree i 
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23. 


24. 
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1. Bus or Lincar Topology. In this topology, all devices on network are connected to a 
continuous cable called a bus. Transmission from any station travels the length of th Single 
both directions and can be received by all other stations. The destination d € bus in 
identifying the address on data packet copies the data onto its disk, When the dane On 
reaches at either end the terminator on that end absorbs the signal, removing from the Packe 
This topology can be used for smaller networks. ` 

2. Ring Topology. A LAN using the ring topology is connected in the closed loop. The 
packets transmitted, circulate along the ring. The destination station copies the data 
content on recognizing its address on the packet. After a packet travels a full aa 
removed at the source station. r Wis 


3. Star Topology. In this topology each workstation is directly linked to a central node. D 
can be easily plugged or unplugged to the central node, as need dictates 
communication between the stations must pass through the central node. 


eVices 


$ Any 


4. Tree Topology. In this topology the network is shaped as an inverted tree with the 
branching and sub-branching to the extremities of the network. Trans 
topology takes place in the same way as in bus topology. 


central root 
mission in this 


What is a modem ? What is its function ? 
Solution. A modem is a computer peripheral that connects a workstation to other work-stations via 


telephone lines and facilitates communications. It is short form for Modulation / Demodulation. 


Modem converts digital signals to A/F (Audio Frequency) tones which are in the frequency range 
that the telephone lines can transmit and also it can convert transmitted tones back to digital 
information. 


(a) Differentiate between Internet and Intranet. (Delhi 2006) 
(b) Expand the following terms: (i) CDMA (i) URL (iii) HTTP (iv) WAN 
(c) Write one advantage of STAR topology as compared to BUS topology. 


(d) UNIVERSITY OF CORRESPONDENCE in Allahabad is setting up the network between its different 
wings. There are 4 wings named as Science (S), Journalism (J), ARTS (A) and Home Science (H). 
Distance between various wings Number of Computers 


Wing A 150 
Wing S 10 
Wing H 


Wing A to Wing J 200 m 


Wing A to Wing H 
Wing S to Wing H | 100m | 
Wing J to Wing H 


(i) Suggest a suitable Topology for networking the computer of all wings. 
(it) Name the wing where the Server to be installed. Justify your answer. 


(iit) Suggest the placement of Hub/Stwitch in the network. 


(iv) Mention in economic technology to provide internet accessibility to all wings. 
Solution. a 
(a) The Internet is a worldwide network of computer networks around the globe. Internet use 
set of protocols called TCP / IP. Internet is not owned by anybody. 
On the other hand Intranet is network, which is privately owned. Intranet also uses S 


of protocols as Internet. 
pu >, ‘tag? se od Z 


ame set 
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a O CDMA - Code-Division Multiple Access (ji) URL - Uniform Resource Locator 
(if) HTTP - Hyper oad Transfer Protocol (iv) WAN - Wide Area Network 
0) Fault Diagnosis is relatively easy in STAR topology as compared to BUS topology 
a © Star Topology can be used to network the computer of all wings. 


(ii) The Sever should be installed in Wing A, as Wing A has maximum number of computer 
and installing the server in this wing will help to reduce the network traffic. 

(iii) Hub/Switch will be required in all the Wings 

(iv) The economic way to provide internet accessibility to all wings is to use the proxy server 
at wing A and connect to the internet through a dial-up network. 


5. (0) Name two transmission media for networking, (Outside Delhi 2006) 
| H Expand the following terms : (i) XML (ii) GSM (iii) SMS (iv) MAN 
(0) Differentiate between Hackers and Crackers ? 
(d) INDIAN P UBLIC SCHOOL in Darjeeling is setting up the network between its different wings. There 
are 4 wings named as SENIOR(S), JUNIOR(J), ADMIN(A) and HOSTEL(H). 


Distance between various wings Number of Computers 


Wing A to Wing S 
Wing A to Wing J 


Wing A to Wing H 


Wing S to Wing J 
Wing S to Wing H 100 m 


Wing J to Wing H 


(i) Suggest a suitable Topology for networking the computer of all wings. 


(ii) Name the wing where the server is to be installed. Justify your answer 
(iii) Suggest the placement of Hub/Switch in the network. 

(io) Mention an economic technology to provide internet accessibility to all wings. 
Solution. 

(a) ( 
(b) ( 


i) Coaxial Cable (ii) Microwave 


i) 
i) XML - Extensible Markup Language 
) 


(ii) GSM - Global System for Mobile 


(iii) SMS ~ Short Message Service 
(iv) MAN ~ Metropolitan Area Network 

(c) Programmers who gain knowledge about computer system for playful pranks are known as 
Hackers where as Crackers are malicious programmers who break into secure systems. 


(a) ( 


i) Star Topology can be used to network the computer of all wings. 

(i) The Sever should be installed in Wing S, as Wing S has maximum number of com- puter 
and installing the server in this wing will help to reduce the network traffic. 

(iii) Hub/ Switch will be required in all the Wings 

(iv) The economic way to provide internet accessibility to all wings is to use the proxy server 
at wing S and connect to the internet through a dial-up network. 


28. 
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Differentiate between XML and HTML. Pini 
Solution. In HTML (HyperText Markup Language), both tag semantics and the ta Set . 
whereas, XML (eXtensible Markup Language) is a meta-language for describing markup | ae fix, d 
XML provides facility to define tags and the structural relationships between them. All ‘eh Bape. 
of an XML document will either be defined by the applications that process them or by dina ntig 


Jai is an IT expert and a freelancer. He recently used his skills to access the Administrator Passwo 

network server of Megatech Corporation Ltd. and provided confidential data of the organ isation to i "d for the 
informing him about the vulnerability of their network security. Out of the following options (i) ty m hina, 
one most appropriately defines Jai ? v), Which 


> (CBSE p 2017; 
Justify the reason for your chosen option : ) 


(i) Hacker (ii) Cracker (iti) Operator (iv) Network Admin 


Solution. Hacker. A computer hacker breaks into computer system for gaining knowledge abo 
possible vulnerabilities and finding possible solutions. ut 


Define the following : (i) Data channel (ii) Baud (iii) bps (iv) Bps (v) Bandwidth, 


Selution. (i) A deta channel is the medium used to carry information or data from One point to another 


(ii) Baud is the unit of measurement for the information carrying Capacity of a communication 


channel. It is synonymous with bps (bits per second), 
(iii) bps — bits per second. It refers to a thousand bits transmitted per second, 
(iv) Bps - Bytes per second. It refers to a thousand bytes transmitted per second. 


(v) Bandwidth — It refers to the difference between the highest and low 
transmission channel. This term is also sometimes used to refer to the 
travelling through a single channel at any one point of time. 


est frequencies of a 
amount of information 


What are repeaters and routers ? (CESE Question Bank 1996) 


Solution. REPEATER. A repeater is a device that amplifies a signal being transmitted on the network. 
It is used in long network lines, which exceed the maximum rated distance for a single run. 


Over distance, the cables connecting a network lose the signal transmitted. If the signal degrades too 
much, it fails to reach the destination. Or if it does arrive, the degradation of the message makes it 
useless. Repeaters can be installed along the way to ensure that data packets reach their destination. 
Repeaters are of two kinds — amplifier and signal repeater. 

The firs! merely amplifies all incoming signals over the network. However, it amplifies both the 
signal and any concurrent noise. The second type collects the inbound packet and then retransmits 
the packet as if it were starting from the source station. 


=e i l l , , ter. 
ROUTER. A device that works like a bridge but can handle different protocols, is known as ee, 
For example, a router can link Ethernet (ethernet is a very popular and widely accepted met 


Peers A x RET, ment 
linking local stations to one another (ie, a LAN) for sharing data, program and equip 
resources.) to a mainframe, 


RR. ination) t? 
If the destination is unknown to a router it sends the traffic (bound to unknown destinat! 
another router (using logical addresses) which knows the destination. 


, ae h 
A router differs from a bridge in a way that former uses logical addresses and the latter uses P 
addresses. 


ysical 


nd 
A teacher provides “http://anww, 


XtSchool.com/default.aspx” to his/her student to identify the „91719 
domain name. 


(CBSE Sample Paper + 
Solution, URL: hitp:/Avww.XtSchool.com/defaul 


t.aspx 
Domain name: XtSchool.com 


A 


pu 5 


pm 
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] : 
chope" 
is TELNET service of internet useful ? 
How ! i , 

a. 5 olution. Telnet, the most widely used remote logic program in the world, is used to extract the raw 
ower of Internet. Using telnet a student in Delhi can access a server at America. A major chunk of 
cientists on the internet are accessing and utilizing the power of super computers by telneting. 

s 


What are cookies ? {Outside Delhi 2011) 
p Or 

what is the significance of cookies stored on a computer ? (CBSE Sample Paper 2017-18) 
Solution. Cookies are messages that a web server transmits to a web brow 


ser so that the web server 
can keep track of users activity on a specific web site. 


33. Give the advantages of E-mail and World Wide Web services provided by INTERNET. 
Solution. Advantages of E-MAIL 
(i) Low cost. Electronic mail is an extremely cost-effective way to mo 


ve information around, 
especially when it must be moved quickly. A three page letter to U.S.A. can cost Rs. 200 through 


courier, or about Rs. 100 to fax. The same letter can be sent by e-mail for the cost of one local call. 
(ii) Speed. Electronic mail can be delivered almost as fast as the wire can carry it. 


(iii) Waste reduction. E-mail goes a long way toward reducing the clutter of paper in the modem 
office, not to mention saving many trees. 


(iv) 


Ease of use. It is easy to send an e-mail. You don’t have to retype it three times, find an 
envelope, go to the corner to buy a stamp, and then find a mail box. 


(v) 


Record maintenance. Because all messages are files, you can automatically maintain a record 
of communications with someone else. 


(vi) Patience. E-mail waits until you read it. It doesn’t have the jangling urgency of a phone call. 
34. What are protocols ? Give some examples of different types of protocols used. 


Solution.A protocol means the rules that are applicable for a network or we can say that the comme 
set of rules used for communication in a network. Different types of protocols are : 
(i) HTTP: Hyper Text Transfer Protocol 
(ii) FTP: File Transfer Protocol. 
(iii) SLIP: Serial Line Internet Protocol. 
(iv) PPP: Point to Point Protocol. 
(v) TCP/IP: Transmission Control Protocol/Internet Protocol. 
(vi) NTP: Network Time Protocol. 
(vii) SMTP: Simple Mail Transfer Protocol. 
(viii) POP. Post Office Protocol. 
n (ix) IMAP: Internet Mail Access Protocol. 
What is Volp ? 


Solution. VoIP ( 
Offers a Set of f 


la) Gir ‘ ; 
: Give one advantage and one disadvantage of optical fibre cable and coaxial cable used in comm 
) Dj opp d l ` 
G ifferentiate between Tree and Bus topologies of network. 
c : < 
What do email and FTP mean ? 


(d) | 7 A A ; 
Nhat is the difference between a repeater and a bridge ? 


O 


Voice over IP) refers to a way to carry telephone calls over an IP data n 


% acilities to manage the delivery of voice information over Internet in digi 


= ae 
fr 
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Solution. 

(a) Optical Fibre Cable 

Advantage. It is free from electrical noise and interference. 

Disadvantage. It is an expensive communication medium. 

Coaxial Cable 

Advantage. It provides a cheap means of transporting multi-channel television signals 
metropolitan areas. 

(b) Tree topology is a network with the shape of an inverted tree with the central root branchi 
and sub-branching to the extremities of the network as shown in Fig. 14.10. There isasi ; 
link between two nodes in this topology. ngle 
Bus topology. In this topology, all devices on network are connected to a single continuo 
cable called a bus. This topology can be used for smaller networks. Hs 

(c) Email. E-mail (Electronic Mail) is sending and receiving messages by computers, 

FTP. FTP expands to File Transfer Protocol, which ensures the proper transfer of files from 
one network in an organization to another. 

(d) Repeater. A repeater is a device that amplifies a signal being transmitted on the network. 
Bridge. A bridge links two networks of same protocol using their physical addresses. 


37. (a) Give the full form of NFS and FTP. (Delhi 2002) 
(b) What do you understand by firewall ? 
(c) Differentiate between downloading and uploading. 
Solution. 
(a) NFS - Network File System ; | 
FTP - File Transfer Protocol. 
(b) The system designed to prevent unauthorized access to or from a private network is called 
firewall. 
(c) Downloading refers to transfer of files from (FTP) server on the user's computer and uploading 
refers to transfer of files from user’s computer onto (FTP) server. 


38. Differentiate between GSM and CDMA. 
Solution. GSM (Global System for Mobile) communications is a technique that uses narrowband 
TDMA, which allows eight simultaneous calls on the same radio frequency. TDMA is short for Time 
Division Multiple Access. TDMA technology uses time-division multiplexing (TDM) and divides a 
radio frequency into time slots and then allocates these slots to multiple calls thereby supporting 
multiple, simultaneous data channels. - 
CDMA (Code-Division Multiple Access) on the other hand, unlike GSM, does not assign a ar 
frequency to each user. CDMA uses spread-spectrum technique where every channel uses j 
available spectrum. With CDMA, data is sent in small pieces over a number of discrete payin 
available for use at any time in the specified range. All users transmit in the same wide-band an 
of spectrum. Each user's signal is spread over the entire bandwidth by a unique spreading 
which is again used at the receiver end to recover the transmitted signal. 


39. Write a short note on WLL. 


Solution. A WLL (Wireless in Local Loop) system serves a local area by deploying a MU 
multichannel transmit/receive base stations (transceivers) that are within line-of-site of th 


itiplicity % 
e jnten e 


ae 
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ys. Each customer is equipped with a mini-station of low 
ig connected. When calls are made from the telephone, 


pBX) š : it signals the base station for a 

o ection, which is subsequently established through a switch center, exactly as in conventional 

jephony: An incoming call is identified at the switch center and routed to the base station assigned 
te : 


serve the telephone being called. The wireless connection is then made, and the call is completed iit- 
n a conventional manner. The infrastructure design of a WLL system typically uses an advanced ih E 
i 


mission technology such as CDMA, which permits support of large subscriber bases through 
ion of the base station clusters, 


ome power, into which the telephone 


trans j 
orderly expans 


Who are hackers ? Who are crackers ? 
s solution. The Crackers are the malicious programmers who break into secure systems whereas 
Hackers are more interested in gaining knowledge about computer systems and possibly using this 
knowledge for playful pranks. 
Which of the following will come under Cyber Crime ? 
(i) Theft of a brand new sealed pack Laptop 
(ii) Access toa bank account for getting unauthorized Money Transaction 
(iii) Modification in a company data with unauthorized access 
(iv) Photocopying a printed report 


4 (Delhi 2011) 


Solution. (ii) Access to a bank account for getting unauthorized Money Transaction H H ! 


42, Write two characteristics of Web 2.0. (CBSE Delhi 2016) it f H | 


Solution. Web 2.0 refers to added features and applications to WWW that make the web more tiles 
interactive, support easy online-information exchange and interoperability. Some noticeable ili 
features of Web 2.0 are blogs, wikis, video-sharing websites, social networking websites, RSS etc. 


43. Out of the following, identify client side script(s) and server side script(s) : (Outside Delhi 2011 ; D 2016) 
(i) Javascript (ii) ASP (iii) VBScript (iv) JSP NRN 
Solution. Client side scripts are Javascript, and vbscript, server side scripts are ASP, and JSP. ft | 

H. What do you mean by data encryption ? For what purpose it is used for ? (CBSE Sample Paper 2017-18) | 
Solution. Data encryption is a technique used for data security in which original message is | 
converted or encoded using an algorithm into a form not understood by anyone except the person 
who has the key to decode it. 

45. 


(a) Write one characteristic each for 2G and 3G Mobile Technologies. 
(>) What is the difference between Video Conferencing and Chat ? 

(©) Expand the following : 

© GPRS © CDMA 


d i | | 
(a) Me type of network (out of LAN, PAN and MAN) is formed, when you connect two mobiles using 
luetooth to transfer a picture file ? 


e) Wy f 
7 W tte names of any two popular Open Source Software, which are used as operating system. 
rite an 


Solution. 


(a) 


y two important characteristics of Cloud Computing. (Delhi 2014) 
2G. First digital cellular system with data speeds upto 64 kbps. 


3G. With speeds between 384 kbps to 2 Mbps, the 3G technologies allowed more data 
transmission, voice and video calling file transmission etc. 


D 
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Vido conferencing. A video-conference refers to a live connection between people in APM 
locations for the purpose of visual communication. Parate 
Chat. The Internet Chat or just the chat generally refers to the instant broadcast Of tey 

messages over the Internet between the sender and receiver. Xtual 
(c) GPRS. General Packet Radio Service 

CDMA. Code Division Multiple Access 

(d) PAN is formed. 
(e) Linux, FreeDOS 
(f) (i) On demand self services (ii) Wide range of network access capabilities, 
40. (a) What out of the following, will you use to have an audio-visual chat with an expert sitting in a far-awny 
place to fix-up a technical issue ? 4 
(i) VoIP (i7) email (iii) FTP 
(b) Name one server side scripting language and one client side scripting language. 
(c) Which out of the following comes under Cyber Crime ? 
(i) Operating someone's Internet banking account, without his knowledge. 
(ii) Stealing a keyboard from someone's computer. 
(iii) Working on someone's computer with his/her permission. 

(d) Write one advantage of Bus Topology of network. Also, illustrate how 4 computers can be connected with 

each other using star topology of network. 

(e) Workalot Consultants are setting up a secured network for their office campus at Gurgaon for their 
day-to-day office and web-based activities. They are planning to have connectivity between 3 buildings and 
the head office situated in Mumbai. Answer the questions (i) to (iv) after going through the building 
positions in the campus and other details, which are given below. 


FARIDABAD Campus 
Head office 


“KOLKATA” 


Building 
“RAVI” 


Building 
“JAMUNA” 


Building 
“GANGA” 


Distances between various buildings Number of Computers 


Building “GREEN” to Building “RED” Building “GREEN” [a 
Building “GREEN” to Building “BLUE” Building “RED” [aso 
Building “BLUE” to Building “RED” 65 m Building “BLUE” pe 


Gurgaon Campus to Head Office 1760 KM Head Office 


. . ET j’ 7 give 
(i) Suggest the most suitable place (i.e., building) to house the server of this organization. Also §! 
a reason to justify your suggested location. 


(ii) Suggest a cable layout of connections between the buildings inside the campus. 


p” 
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vel ? ; N a. € 
j (iii) suggest Hie placement of the following devices with justification: 1 Switch 2, Repeater 
I oe ” 


The organization is planning to provide a high speed link with its head office situated in 
MUMBAI usinga wired connection. Which of the following cables will be masi. suitable for this 
iob ? 

1, Optical Fibre 2. Co-axial Cable 3. Ethernet Cable 
, one suitable example of each URL and Domain Name, 


(iv) 


f) Give ; i i 
aa Name 00 Proprietary software alongwith their applications. (Outside Dethi 2012) í 
8 n 


olution. 
(a) (Ù VoIP | 
qb) Server side Scripting ~ JSI 
Client Side Scripting - Javascript 


(c) Stealing a keyboard from someone's computer 


(d) Advantage of Bus Topology 
© Easy to extend 


(e) (i) In building RED as it houses maximum number of computer. ; hence most traffic will be 
local traffic if server is placed here. 


(ii) 


(iii) Switches are needed in every building as they help share bandwidth in every building. 


Repeaters may be skipped as per above layout, (because distance is less than 100 m) 
however if building Green and building Red are directly connected, we can place a 
__ Tepeater there as the distance between these two buildings is more than 100 m. 
(iv) Fiber Optic 


(A URL ex, 
is xample — www.cbse.nic.in/welcome.htm 
omai ; a 
an name — cbse.nic.in (in above URL) 


o MS-Office - Office 


application suite 
MS-Windows — 


Operating System 


—rexy “g 
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47. (a) Ilustrate the layout for connecting 5 computers in a Bus and a Star topology of Networks, 

(b) What is a spam mail ? 

(c) Differentiate between ftp and http. 

(2) Out of the following, which is the fastest (i) wired and (ii) wireless medium of commun 
Coaxial Cable, Ethernet Cable, Microwave, Optical Fiber ? 

(e) What is Worm ? How is it removed ? 

(f) Out of the following, which all come under cyber crime ? 

(1) Stealing away a brand new computer from a showroom. 
(ii) Getting in someone's social networking account without his consent and Posting pictures on hs 
behalf to harass him. 1 his 
(iit) Secretly copying files from server of a call center and selling it to the order organization, 
(iv) Viewing sites on a internet browser. 

($) Perfect Edu Services Ltd. is an educational organization. It is planning to Setup its India campus ai 
Chennai with its head office at Delhi. The Chennai campus has 4 main buildings ~ 4 DMIN 
ENGINEERING, BUSINESS and MEDIA. f 
You as a network expert have to DELHI CHENNAI 


suggest the best network related 
solutions for their problems raised in 

(i) to (iv), keeping in mind the 

distances between the buildings and 

other given parameters. 


ication « Infrae, 7 


Shortest distances between 
various buildings : 


ad 
a ‘ 2 i of the 3 
(i) Suggest the most appropriate location of the server inside the CHENNAI campus stl 
buildings), to get the best connectivity for maximum no. of computers. Justify you 


tt 
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(ii) suggest and draw the cable layout to efficiently connect various buildings within the 
CHENNAI campus for connecting the computers. 


Which hardware device will you suggest to be procured by the company to be installed to protect 
and control the internet uses within the campus ? 
Which of the following will you suggest to establish the online face-to-face communication 
petween the people in the Admin Office of CHENNAI campus and DELHI Head Office ? 

(a) Cable TV (b) Email (c) Video Conferencing (d) Text Chat (Dethi 2015) 


(iii) 


(iv) 


solution. 
(a) Bus topology Star topology 


Central 
hub/node 


(b) Spam refers to electronic junk mail or junk newsgroup postings. Some people define spam pini | 
even more generally an unsolicited e-mail. tt 


(c) FTP (File Transfer Protocol) is a standard for the exchange of files across internet. Whereas eg) 
HTTP (Hypertext Transfer Protocol) is a set of rules for transferring hypertext (i.e., text, Bb | 
graphic, image, sound, video etc.) on WWW. Hh j 


(d) (i) Wired - Optical fibre (ii) Wireless - Microwave. 


} l 

(e) A worm is a program designed to replicate. It is a self contained and does not require host < IRET i 

and can harm by eating up all the space. Worms can be removed by using appropriate ' 

antivirus software. 
() (i Getting in someone's social networking account without his consent and posting 

pictures on his behalf to harass him. 

(iii) Secretly copying files from server of a call center and selling it to the other organization. ie 
($) (i) Server should be placed in ADMIN Building, as maximum number of computers are 
there and therefore maximum traffic can be localized. |; 


(ii) Star topology 


ENGINEERING 


BUSINESS 


(iii) Firewall 


PR 


(iv) Video conferencing 
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COMPUTER SCIENCE WITH PYTHON 
~ Xii 
snark D 
48. (a) What was the role of ARPANET in the Computer Network 7 (Otitside Bi 


(b) Which of the following is not a unit of data transfer rate ?(i)mbps (ii) kbps (ii) sbps (iv) Sbps 


Thi 201) 


. ary : irus J in the computers ? 
(c) What is the difference between Virus and Worms 1 } 


(d) What term do we use for a softeare/hardware device, which is used to block unauthorized 
permitting authorized communications ? This term is also used for a device or set of devices config 
permit, deny, encrypt, decrypt, or proxy all (in and out) computer traffic between different « 
domains based upon a set of rules and other criteria. 

(e) “Vidya for All” is an educational NGO. It is setting up its new campus at Jaipur for its web 
activities. The campus has four buildings as shown in diagram below : 


ACCess While 


ured to 
ecurity 


-based 


Resource 
building 


Main 
building 


Training 
building 


Center to center distances between various buildings as per architectural drawings (in meters) is as follows: 


Main Building to Resource Building | 120m | 
Main Building to Training Building | 40m | 
_ Main Building to Accounts Building 135 m | 
_ Resource Building to Training Building 125 m | 
Resource Building to Accounts Building 45m | 
Training Building to Accounts Building 110 m | 


Expected number of Computers in each building is as follows : 


(e1) 


(e2) 


(e3) 


(e4) 


Main Building | 15 
Resource Building 25 
_Training Building 250 


Accounts Building 10 


Suggest a cable layout of connections between the buildings. 


Suggest the most suitable place (ie. building) to house the server of this NGO. Also. } 
suitable reason for your suggestion l 


ovide A 


Suggest Ihe placement of the following devices with justification : 

(it) Repeater (i) Hub/Switeh . sahe 
The NGO is planning to connect its International office situated in Delhi. Which ont oP 
following wired communication links, wil] YOU Stiggest for a very high speed connectivity ? 
(D Telephone Analog line (jj) Optical Fiber (iii Ethernet Cable 


p 


p7 
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jet 
oP write the full forms of the following : (f1) FTP (f2) FSE 
g Name any two common Web browsers. 
aa twork was jointly desi | 
The first computer network was jointly designed by the Advanced Research Projects Agency 
(a) ARPA) and Department of Defense (DoD) of United States in 1969 and was called 
ARPANET. It was an experimental project, which connected a few computers from some of 
the reputed universities of USA and DoD. ARPANENT allowed access to computer resource 


sharing projects. This ARPANET was handed over to Defense Communication Agency 
(DCA) for further development 

œ) (i) sbps 

© VIRUS. Virus is a malicious program that damages data and files and causes harm to 
computer system. 


Worms. Worms disrupt services and create system management problems. In some cases 
worms can install viruses that cause damage to system. 


(d) Firewall 
(œ) (e1) 


40 


Training 
Compound 


(e2) Training Building as it hosts the most computers. 
(63) (i) Repeater = between Training & Accounts buildings as they have 110 m of distance. 
(ii) Hub/Switch ~ In Training building as it will be hosting server. 
(c4) Optical Fiber 
() (1) FTP - File Transfer Protocol (f2) FSF - Free Software Foundation 
(3) Mozilla FireFox, Google Chrome 
What is Intellectual Property ? 
te Intellectual P 
Including copy 


ht a... 
What is Spam ? 


roperty may be defined as a product of the intellect that has commercial 
righted property such as literary or artistic works, and ideational property. 


= 

i Spam refers to electronic junk mail or junk newsgroups postings. Some people define spam 
| generally as any unsolicited e-mail. 

"a Mustrate the 
{b) What kind of 
(c) Differentiate 

Out of 


layout for connecting 5 computers in a Bus and a Star topology of Networks. 

data gets stored in cookies and how is it useful ? 

between packet switching over message switching ? 

the following, which is the fastest (i) wired and (ii) wireless medium of communication ? 
Infrared, Coaxial Cable, Ethernet Cable, Microwave, Optical Fiber 


ae 


£ 
$ 
i 
i 
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(e) What is Trojan Horse ? pi 

(f) Out of the following, which all comes under cyber crime ! 

(i) Stealing away a brand new hard disk from a apaoiMon: 

(ii) Getting in someone's social networking account without his consent and posting pictures On hi 

behalf. l _ his 

(iii) Secretly copying data from server of an organization and selling it to the other o 
(ix) Looking at online activities of a friends blog. 

(g) Xcelencia Edu Services Ltd. is an educational organisation. It is planning to set up its India 
Hyderabad with its head office at Delhi. The Hyderabad campus has 4 main buildings — 
SCIENCE, BUSINESS and ARTS. You as a network expert has to suggest the best netwo 
solutions for their problems raised in (i) to (iv), keeping in mind the distances between the 
and other given parameters. 


Den 


SMizatioy 


campus gt 
ADM] N, 
TK related 
bu ildings 


DELHI HYDERABAD 


Campus 
SCIENCE 


Head Office 


ADMIN ( BUSINESS ) 


ARTS 


Shortest distances between various buildings : 


DELHI Head Office 


; rst thin x F : phe 
(9 Sugge St the most appropriate location of the server inside the HYDERABAD campus faut lie 
4 buildings), to get the best connectivity for maximum number of computers. Justify? 
answer, . : 


(if) Suggest and draw the cable la oithin ie 


yout to ie ct various buildings * 
HYDERABAD campus NI TEn iin Tarian: W 


for connecting the computers, 
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(iii) Which hardwar e device will you Suggest to be procured by the company to be installed to protect 
and control the internet uses within the campus ? 
(iv) Which of the following will you suggest to establish the online face-to-face communication i 
between the people in the Admin Office of HYDERABAD campus and DELHI Head Office ? 
(a) E-mail, (b) Text Chat (c) Video Conferencing (d) Cable TV (Outside Delhi 2015) 
Solution. 


(a) Bus topology Star topology 


(b) Cookies are small text files that get stored on a user's hard driv 
website. The kind of data that get stored in cookies are : 
© Cookie’s name 


e when the user visits a | 


© Cookie’s content e.g., 
= user's preferences while visiting a site 
history of pages user viewed 


login details (depending on the user’s browser-settings) 
(c) Refer to Ans. 14(a). 


H 


H 


(d) (i) Wired fastest medium - Optical fibre. (ii) Wireless fastest medium - Microwave. 


(e) A Trojan Horse is a code hidden in a program such as a game or spreadsheet that looks 
helpful and safe to run but has hidden side effects, 

() (ii) Getting in someone's social networking account without his consent and posting on his 

behalf. 


(iti) Secretly copying data from server of an organization and selling it to the other 
Organisation. 


Server should be placed in ADMIN Building of HYDERABAD campus as it contains 
maximum number of computers and hence maximum network traffic will be localized 


this Way. 
SCIENCE 


Star topology for efficient connection 
(see adjacent figure) 


(iii) Firewall 


(iv) (iii 


BUSINESS 


Video conferencing 


D 
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52. (a) Classify each of the following Web Scripting as Client Side Scripting and Server Side Scripti 
` ‘ s ge: M 12 : 
G) Java Scripting (m) ASP (iii) VB Scripting (fo) JSP s 
(b) Case Study Based Question : 
Ayurveda Training Educational Institute is setting up its centre in Hyderabad with fouy 
departments for Orthopedics, Neurology and Pediatrics along with an administrative office p Pecinliseg 
buildings. The physical distances between these department buildings and the number of com n Separate 
installed in these departments and administrative office are given as follows. You, as a network i ikers t0 bp 
to answer the queries as raised by them in (i) to (iv). Pert, have 
Shortest distances between various locations in metres : 
Administrative Office to Orthopedics Unit 
Neurology Unit to Administrative Office 
Orthopedics Unit to Neurology Unit 
Pediatrics Unit to Neurology Unit 50 
Pediatrics Unit to Administrative Office 
Pediatrics Unit to Orthopedics Unit 
Number of Computers installed at various locations are as follows : 
Pediatrics Unit 40 
Administrative Office 
Neurology 
Orthopedics Unit 
r A 
Administrative 
55 office | 
| 
Orthopedics 
ia 
70 Neurology 
unit 
Uisa A PEE k LLS ms 
ficient 


(i) Suggest the most suitable location to install the main server of this institution 10 get e 
connectivity. l 

(ii) Suggest the best cable layout for effective network connectivity of the building having s07 
the other buildings. E l j 


er wilh. 


(iii) Suggest the devices to be installed in each of these buildings for connecting computers instelled wit 


the building out of the following : 
© Gateway © Modem © Switch 
(iv) Suggest the topology of the network and network cable for efficiently conne 
computer installed in each of the buildings out of the following : l 
Topologies : Bus Topology, Star Topology 


Network Cable : Single Pair Telephone Cable, Coaxial Cable, Ethernet Cable. 5 
(CBSE Delhi 2" 


ah 
cting €?“ 
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solution. 7 E 
(a Client side scripting : Java scripting, VB scripting 


-Gerver side scripting : ASP, JSP 


b Ò Administration office. HE | 


(ii) 
Administrative 
Office 


Orthopedics Pediatrics || | Hh 
unit unit | fi 
i ii 
Neurology | i 
unit | j 


(iii) Switch 
(iv) Topology : Star topology | 
Network cable : Coaxial cable or Ethernet cable tit 


53. (a) Give two differences between 3G and 4G telecommunication technologies. ait 


(b) Jonathan and Jonathan Training Institute is planning to set up its centre in Amritsar with four 
specialised blocks for Medicine, Management, Law course alongwith an Admission block in separate 
buildings. The physical distances between these blocks and the number of computers to be installed in these 
blocks are given below. You as a network expert have to answer the queries as raised by their board of 
directors as given in (i) to (iv). His 


Shortest distances between various locations in metres : 


Administrative Block to Management Block 


Administrative Block to Medicine Block 


Administrative Block to Law Block 


Management Block to Medicine Block 


Management Block to Law Block 
Law Block to Medicine Block 


Number of Computers installed at various locations are as follows : s 


Administrative Block 150 [ire ——, i 
Management Block 70 | | i 
Medicine Block 20 | | 
LTTE, SS} ! 
Law Block 50 | 
| [eer] Cai 


(1) Suggest the most suitable location to — 


install the main server of this institution | 
Heo e main server of his RONIN | 
o get efficient connectivity. 


x 
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(ii) Suggest the devices to be installed in each of these buildings for connecting computers install 
the building out of the following : ed within 
& Modem © Switch 
A Gateway & Router 
(iii) Suggest by drawing the best cable layout for effective network connectivity of the blocks hay 
with all the other blocks. 
(iv) Suggest the most suitable wired medium for efficiently connecting each computer insta 


m Q Server 


lled į 
building out of the following network cables : ed in Every 
Co-axial Cable > Ethernet Cable 
> Single Pair Telephone Cable (CBSE Delhi Si 


Solution. 
(a) (i) 4G offers higher download and upload speed than 3G. 
(ii) 4G offers higher bandwidth than 3G. 


(b) (i) Admin block (ii) Switch 
(iii) 


(iv) Coaxial or Ethernet cable 


GLOSSARY 
eR 
Bandwidth The capacity of a medium to transmit a signal. 
Baud i i 
A Unit of measurement for the information carrying capacity of a communicotion channel 
ps bits per second. A thousand bits transmitted per second 
: ; 
ps Bytes per second. A thousand bytes transmitted per second. 
Bridge Device that links two networks together. 
CDMA Code Division Multi l i 
ultiple Access, a digi spend i 
hae igital cellular technology that uses SP 
Chat Online textual tolk in real time. 
E-MAIL Sending and receiving messages by computer 
Firewall 
i A sysler to prevent unauthorised access to/from a network. 
eway Device that connects dissimilar networks 
GSM 


Global System for Mo 


ime 
bile ent? : d TDMA f 
Division Multiple Acces communications. A technique that uses narrowban 


§) to allow eight simultaneous calls on same radio frequency: 
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chapte" 


ub . 
H 1 etwor kin g 
ptellectu® 


pR 
Modem 


petwork 
protocol 
pepeater 
Router 
SMS 


spam 
spread-spectri um 


Switch 
TCP/IP 
Topology 
Transceiver 
Virus 


WWW 
(World Wide Web) 
WL 


Assignment 


Hardware device used to connect several computers together. 
Connection of two or more networks. 


1 property Ô product of intellect having commercial value. 


Intellectual Property Rights. 


A computer peripheral that allows you to connect and communicate with other workstations via 
telephone lines. 

An interconnected collection of autonomous computers. 
The set of rules that govern the way a service is provided. 

Device that amplifies a signal being transmitted on a network. 
Device that works like a bridge but can handle different protocols. 


Short Message Service. Transmission of short text messages to and from a mobile phone, fax machine 
and/or IP address. 


Unsolicited mail. 


A technique in which data is sent in small pieces over a number of discrete frequencies available for use. 
Each user's signal is spread over the entire bandwidth. 


Device used to segment networks into different subnetworks colled subnets. 
(Transmission Control Protocol/Intermet Protocol) The native protocol of the Internet. 
The patiern of interconnection of nodes in a network. 

Transmitter/Receiver. 

Maticious program that causes harm to computer system, files and /or data. 


Set of protocols that allow you to access any document on the net. 


Wireless in Local Loop. A system (analogous with local telephone service) that provides telephony by 
deploying a multiplicity of multichannel transceivers. 


a REE EE NE tee oe 


Short Answer Questions 


2 Briefly 
3 


* What is a netwi 


ork ? What are its goals and applications ? 


explain how Internet evolved. 


* Write a short note on ARPAnet. 


A 
-H 


N 


2 Writ 


What ; 
I. y at is bandwidth 2H 


How does Inte 


b Ip 
Write a short no 


rnet work ? 


te on InterSpace. 


ow is circui oe ae a ae "BOR Gate ipet 
'S circuit Switching different from message switching ? (CBSE Sample Paper} 
ow di sea 

3 Ces transmission take place across networks ? 

ate communication channels ? Discuss various communication channels available for networks. 

€ some adva 
(Ù optical fres 
ENE 

10, ) micro Waves 


ntages and disadvantages of the following : 
(ii) coaxial cables (iii) twisted pair cables (iv) radio waves 


(vi) satellites. 


Ow is it measured ? 


d 
Rp ° you understand by data transfer rates ? 


iscuss and 


a 


compare various types of networks. 
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Explain various mostly used topologies. 
Discuss the factors that govern the selection of a topology for a network. 
Compare and contrast 
(i) Star and Bus topologies (ii) Star and Tree topologies (iii) Bus and Ring topologies 
What is the role of modem in electronic communications ? ` * i 
What are hubs ? What are its types ? 
What is the role of a switch in a network ? 
Briefly discuss the role of following devices in the context of networking. 
(i) repeater (i) router (iii) bridge (iv) gateway. 
What is a communication protocol ? What is its role in a network ? 
Write short notes on: (i) HTTP (ii) TCP/IP (iii) FTP. 
What is wireless computing ? How is it different from mobile computing ? 
Write short notes on the following : 
(D) GSM (i CDMA (ii) WLL (iv) 3G (v) SMS (vi) EDGE (vii) UMTS, 
Discuss the advantages and disadvantages of E-mail. 
Compare and contrast (i) e-mail and voice mail (ii) e-mail and chatting. 
What is video conferencing ? How is it related to networking ? 
What is web browser ? What is a web server ? How are these two related ? 
Write short notes on URLs and domain names. 
What is web hosting ? What are its various categories ? 
Explain briefly the following : (i) HTML (ii) XML (iii) DHTML. 
What do you understand by network security ? Why is it considered very important ? 
What is a firewall ? Briefly explain different firewall techniques. 
What is hacking ? What is cracking ? How are these two terms inter-related. 
Define the following : 
(a) Virsus (b) Worms (c) Trojan Horse (d) Spam 
(e) Cyber Crime (f) India IT Act 2000 (g) IPR 
What is the general process of designing networks ? 
While designing networks, what factors related to the network environment would you consider ? 
While designing networks, what factors related to performance, would you consider ? 
When would you prefer (i) hubs over repeaters (i) bridges over hubs (iii) switch over other network 
devices ? 
When would you opt for a router in a network ? 
What is the difference between client-side scripting and server-side scripting ? 
How are viruses harmful ? How can you prevent them ? 
Out of the follow ing, identify client side script(s) and server side script(s) : 


(a) ASP (b) Javascript (c) VBScript (a) JSP (Dehi Du 


Long Answer Questions 


to 


i PRENS. i 
Pernet is 2 atwo atw r » At Pe S $ 3 eon: 
ae we ` network of networks. How did it come into existence ? How does it functic JAN? wha 
Discuss various types of networks, Can you imagine the relationship of a LAN with 4 Wa. 


is it ? Discuss. 


p” 


grape! l 


z 


Brief! 
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less and mobile c i i wes 
omputing, and Various techniques used f irel 7 
or wireless and mobile 


y discuss wire 
d rity. What is i , 

pefine network security. What is its need ? How can it be achieved ? 
(a) What is a Repeater ? ? 


() Expand the following terms with respect to Networking : 


(iv) SMS 


(Delhi 2008C) 


(i) FTP (i) CDMA (ii) HTML 
© How is an Email different from a Chat ? 


(@ “New York Avenue” is planning to 
expand their network in India, starting 
with two cities in India to provide Corporate unit 


infrastructure for distribution of their [Dethi} Ahmedabad a i 
canned products. The company has Work , HE i 
planned to set up their main offices in office 

Ahmedabad, at three different locations 
and have named their offices as “Work 
Office”, “Factory” and “Back Office”. 
The company has its Corporate Unit in 
Delhi. A rough layout of the same is as 
follows : 


Approximate distance between these offices is as follows : i 


> From | pea TO Distance mi | 
Work Office | Back Office | MOMte nl 
| ie si į 


Work Office | Factory 14 KM | 
Work Office Corporate Office 1280 KM 
BR SEE | 


Back Office Factory 13 KM 


In continuation of the above, the company experts have planned to install the following number of 
computers in each of their offices : 


|_Back Office | 15 
|: Factory | 
| Corporate | eet 


(i) Suggest the kind of network required (out of LAN, MAN, WAN) for connecting each of the 


following offices : i; 
4 Work Office and Factory ER 
4 Work Office and Back Office err 
(ti) Which one of the following devices will you suggest for connecting all the computers within 
each of their office units ? 
4 Switch/Hub i 
4 Modem 


å Telephone 


og 
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(iii) Which of the following communication media, you will suggest to be Procured by 
company for connecting their local offices in Ahmedabad for very effective (High = the 
communication ? Peed) 

à Telephone Cable 4 Optical Fibre 
4 Ethernet Cable 

(iv) Suggest a cable/wiring layout for connecting the company's local Office units located ; 
Ahmedabad. Also, suggest an effective method/technology for connecting the compa in 
office unit located in Delhi. any's 

(v) Which one of the following devices will you suggest for connecting 
each of their offices ? 

A Switch/Hub 4 Modem 


> Telephone 


all the computers Within 


6. Global Village Enterprises has following four buildings in Hyderabad city : 


| ~— > shows distance 


t] shows computers 
in each building 


[25] [60] 


Computers in each building are networked but buildings are not networked so far. The company has 
now decided to connect buildings also. 


(a) Suggest a cable layout for these buildings. 


(b) In each of the buildings, the management wants that each LAN segment gets a dedicated 
bandwidth ie., bandwidth must not be shared. How can this be achieved ? 


(c) The company also wants to make available shared Internet access for each of the buildings. How 
can this be achieved ? 


(d) The company wants to link'its headoffice in GV1 building to its another office in Japan. 
(À Which type of transmission medium is appropriate for such a link ? 
(ii) What type of network would this connection result into ? 


NI 
S 
2 


Write two advantages and two dis- advantages for STAR topology. Siti 
(b) Write one difference between Telnet and FTP. 
(c) Explain the following terms in short : 
(i) DHTML (ii) ISP 
(d) Define Packet Switching. 


i į 2004) 
Write two advantages and two disadvantages for STAR topology. (Outside Delhi + 


(b) Write one difference between coaxial and optical cable. 
(c) Explain the following terms in short : 

(i) FTP (ii) URL 
(d) Define Packet Switching. 


Oe EE etre re POET Lee 
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le of ARPANET in C 
p) What was the ro omputer Network ? (Delhi 2010) ‘i 


hop?" 


9. ) Which of the following is not a unit for data transfer rate ? 


() What is the difference between Trojan Horse and Virus in terms of computers ? 

C, t 

( What term we use fora software/hardware device, which is used to block, unauthorized access 
while permitting authorized communi-ca tions. This term is also used for a device or set of 


devices configured to pai mit, deny, encrypt, decrypt, or proxy all (in and out) computer traffic 
between different security domains based upon a set of rules and other criteria.. 


( 


p eam Together j is an educational NGO. It is setting up its new campus at Jabalpur for its 
webbased activities. 


The campus has 4 compounds as shown in the diagram below : 


Main 
Resource compound 
compound 


Finance 
ti 

Training compound 
compound 


Center to center distances between various Compounds as per architectural drawings (in Metre) is 
as follows : 


Main Compound to Resource Compound 


Main Compound to Training Compound 


_Main Compound to Finance Compound 


Resource Compound to Training Compound 


Resource Compound to Finance Compound 


Training Compound to Finance Compound 


Main Compound 


Resource Compound 


Training Compound 


(e1) Suggest a cable layout of connections between the compounds. 
(e2) Suggest the most suitable place (i.e, compound) to house the server for this NGO. Also ER i ' 
Provide a suitable reason for your suggestion. sj Gd 
Suggest the placement of the following devices with justification : eal ih 
(i) Repeater (ii) Hub/Switch | 


(e3) 
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(e4) The NGO is planning to connect its International office situated in Mumbai, which 
following wired communication link, you will suggest for a very high speed conn 
(i) Telephone Analog Line (ii) Optical Fiber (iii) Ethernet Cable 
(A Write one advantage of each for Open Source Software and Proprietary Software, 
10. (a) What is a Modem ? l 
(b) Expand the following terms with respect to Networking : 
(i) PPP (ii) GSM (iii) XML (iv) HTTP 
(c) How is a Hacker different from a Cracker ? 


(d) “China Middleton Fashion” is planning to expand their network in India, starting w 
in India to provide infrastructure for distribution of their product. The company 
setup their main office in Chennai at three different locations and have named their o 
“Production Unit”, “Finance Unit” and “Media Unit”. The company has its corporate 
Delhi. A rough layout of the same is as follows : 


OUt OF the 
Ectivity > 


ith tw 


ffices as 
unit in 


$ 
RA 
l 
| 
Corporate unit ; 


Production Unit 


Production Unit Media Unit 


Production Unit Corpo: ite Unit 


Media Unit 


2112 KM 
15 KM 


Finance Unit 


wap i er 
In continuation of the above, the company experts have planned to install the following numb 
of computers in each of their offices : 


Production Unit 
Finance Unit 


Media Unit 
Corporate Unit 


(i) Suggest the kind of network re 
following office units : 


4 Production Unit and Media Unit 
4 Production Unit and Finance Unit 


. of the 
quired (out of LAN, MAN, WAN) for connecting each 


pe 


| <a 
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(ii) Which one of ihe following devices will you suggest for connecting all the computers within 
each of their office units ? 
a Switch/Hub É Moem 
4 Telephone 


(iil) Which of the following communication media, you will suggest to be procured by the 


company for connecting their local office units in Chennai for very effective (High Speed) 
communication ? 


4 Telephone Cable 4 Optical Fibre 
á Ethernet Cable 


(iv) Suggest a cable/wiring layout for connecting the company's local office units located in 


Chennai. Also, suggest an effective method/technology for connecting the company’s office 
unit located in Delhi. (Outside Delhi 2008) 


(a) What is the significance of Cyber law ? 
(b) Expand the following terms with respect to Networking : 
(i) CDMA (ii) FTP (iii) WLL (iv) HTML 
(c) Which of the following unit measures the speed with which data can be transmitted from one 
node to another node of a network ? Also, give the expansion of the suggested unit 
(i) Mbps (ii) KMph (iii) MGps 
(d) “Bhartiya Connectivity Association” is planning to spread their offices in four major cities in India 
to provide regional IT infrastructure support in the field of Education & Culture. The company 
has planned to setup their head office in New Delhi in three locations and have named their New 
Delhi offices as “Front Office”, “Back Office” and “Work Office”. The company has three more 


regional offices as “South Office”, “East Office” and “West Office” located in other three major 
cities of India. A rough layout of the same is as follows : 


New Delhi 


Back 


; office 


Approximate distances between these offices as per network survey team is as follows : 


Back Office | Front Office 
Back Office | Work Office 
Back Office | East Office 
Back Office West Office 
Back Office South Office 


Place From Distance 


70 Metre 


| 
: 
í 


1 


5 


b. 


In continuation of the above, 
of computers in each of th 


() 


(i) 


(iii) 


(iv) 
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the 


eir offices : 


s have planned to install the : 
company experts have pl the following Number 


eS Ee 1 
fend ified 
| Work Office a oe. See Ei 
Wess ome J 
|West Offe za = 
[South Offee = | BO 


Suggest network type (out of LAN, M AN, WAN) for connecting each of the following Set of 
their offices : 
& Back Office and Work Office +A Back Office and South Office 


Which device you will suggest to be produced by the company for connecting all the 
computers with in each of their offices out of the following devices ? 

4 Switch/Hub à Modem 

4 Telephone 
Which of the following communication medium, you will suggest to be procured by the 
company for connecting their local offices in New Delhi for very effective and fast 
communication ? . 

4 Telephone Cable 4 Optical Fibre 

4 Ethernet Cable 
Suggest a cable/wiring layout for connecting the company’s local offices located in New 
Delhi. Also, suggest an effective method/technology for connecting the company’s 
regional offices-“East Office”, “West Office” and “South Office” with offices located in New 
Delhi. (Delhi 2007) 


(a) Differentiate between Internet and Intranet. 
(b) Expand the following terms: (i) CDMA (ii) URL (iti) HTTP (iv) WAN 
(c) Write one advantage of STAR topology as compared to BUS topology. 


(a) UNIVERSITY OF CORRESPONDENCE in Allahabad is setting up the network between its 
different wings. There are 4 wings named as Science (S), Journalism (J), ARTS (A) and Home 


Science (H). Distance between v 


arious wings are given below : 
Wing A to Wing S 100 m 
Wing A to Wing J 200 m 
Wing A to Wing H | 400m 
Wing S to Wing J | 300 m 


WingStoWingH | 100m 
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1 Suggest a suitable Topology for networking the computer of al] wings 
Name the wing where the Server to be installed, Justify your answer 
Suggest the placement of Hub/Switch in the network. 


Mention in economic technology to provide internet accessibility to all wings 


| Name two transmission media for networking. 

| ' (b) Expand the following terms : (i) XML (ii) GSM 
(9 Differentiate between Hackers and Crackers ? 
¢ DARA l 
(d) INDIAN PUBLIC SCHOOL in Darjeeling is setting up the network between its different wings. 


There are 4 wings named as SENIORS(S), JUNIOR(), ADMIN(A) and HOSTEL(H). 
i Distance between various wings are given below : 


(Dethi 200%) 


(iii) SMS (iv) MAN 


[ Wing A to Wing S i oe L: 100 i 


| Wing A to Wing} | 20m | 
| Wing A to Wing H | l 400 m | 
| Wing S to WingJ | 30m 
Wing S to Wing H | wom | 
| WingJto Wing H | 40m | 


Number of Computers 


Suggest a suitable Topology for networking the computer of all wings. 
Name the wing where the server is to be installed. Justify your answer 
Suggest the placement of Hub/Switch in the network. 
Mention an economic technology to provide internet accessibility to all wings. 

(Outside Delhi 2006) 
n Message Switching technique and Packet Switching technique ? 
ologies : 


What is the difference betwee 
Expand the following termin 
(i) TCP/IP (ii) XML 

(iii) CDMA (iv) WLL 
(c) Write two applications of Cyber Law. 


The Great Brain Or 


ganisation has set up its new Branch at Srinagar for its office and web based 
activities, It h 


as 4 Wings of buildings as shown in the diagram : 


Ba 
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i blocks 
Center to center distances between yaron : 


| Wing X to Wing Z == a | 
[ wing Z to Wing Y  ) —-—- 
[Wing YtoWingX n 
| wing YtoWingU | 
Wing X to Wing Ub aus Sse 
Wing Z to Wing U Re $2! ni E0 | 
Number of Computers nara 
Wing X es ele 50 Date 
Wing Z| 
Wing Y “uid É 150° | 
Wing U Rts ered ae 


most suitable cable layout of connections between the Wings, and topology. 


(i) Suggest the 
(i.e, Wing) to house the server of this organisation with a 


(ii) Suggest the most suitable place 
suitable reason, with justification. 


(ii?) Suggest the placement of the following devices with justification : 


(1) Repeater (2) Hub/Switch 
The organization is planning to link its head office situated in Delhi with the offices at 
Srinagar. Suggest an economic way to connect it ; the company is ready to compromise on 
the speed of connectivity. Justify your answer. (Delhi 2005) 


15. (a) What is difference between Star Topology and Bus Topology of network ? 
(b) Expand the following abbreviations : (i) GSM (ii) CDMA 
(c) What is protocol ? Which protocol is used to search information from Internet using an internet 


browser ? 


(d) Freshminds University of India is starting 


its first campus in Ana Nagar of South Freshminds University 
Ana Nagar Campus 


India with its center admission office in 


Kolkata. The university has 3 major blocks ee, Commerce 

comprising of Office Block, Science Block Kolkata Office i| block 

and Commerce Block in the 5 km area ne block 

Campus. 
block 


As a network expert, you need to suggest 
the network plan as per (E1) to (E4) to the 
authorities keeping in mind the distance 
and other given parameters. 


Expected Wire distances between various locations : 


Office Block to Science Block 
Office Block to Commerce Block 


Science Block to Commerce Block 15m 


Kolkata Admission office to 2450 km 


Ana Nagar Campus 


crop!" 
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> > sr of C TS > ins ‘ 
expected number of Computers to be installed at various locations in the University are as follows : 


Office Block 


Science Block 


(E1) Suggest the autohrities, the cable layout amongst various blocks inside university campus 
for connecting the blocks. 


(E2) Suggest the most suitable place (i.e., block) to house the server of this university with a 
suitable reason. J 


(E3) Suggest an efficient device from the following to be installed in each of the blocks to connect 
all the computers : 
4 MODEM 4 SWITCH 
A GATEWAY 
(E4) Suggest the most suitable (very high speed) service to provide data connectivity between 
Admission Office located in Kolkata and the campus located in Ana Nagar from the 
following options : 


4 Telephone line 4 Fixed-Line Dial-up connection 
A Co-axial Cable Network 4 GSM 
A Leased line 4 Satellite Connection 


((Delhi 2009) 


What is difference between LAN and WAN ? 

Expand the following abbreviations : 

(i) HTTP (ii) ARPANET 

What is protocol ? Which protocol is used to copy a file from/to a remotely located server ? 
Name two switching techniques used to transfer data between two terminals (computers). 


Eduminds University of India is starting 
its first campus in a small town Parampur Eduminds University 
of Central India with its center admission Parampur Campus 
office in Delhi. The university has 3 major Research 


buildings comprising of Admin Building, Delhi Academic building |, 
Academic Building and Research Building Admission | building 
in the 5 KM area Campus. orice i Admin 

|| building 


As a network expert, you need to suggest 
the network plan as per (E1) to (E4) to the 
authorities keeping in mind the distances 
and other given parameters. 


Expected Wire distances between various locations : 


Research Building to Admin Building _ a ea 20 Mae 
Research Building to Academic Building _ | la 
Academic Building to Admin Building 3 mS gaan i 
p | 1450 km i 


Delhi Admission Office to Parampur Campus 
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H Py 
H 
Expected number of Computers to be installed at various locations in the Uniy ~X 
ersi 
E tY are ag follo, 
_ Academic Building —__ 
SAdmin Building. 
Delhi Admission Offic: 
(E1) Suggest the autohrities, the cable layout amongst various buildings insi 
campus for connecting the buildings. nside the Univers 


(E2) Suggest the most suitable place (i.e, 


building) to house the Server of this organ: 
a suitable reason. Sanisation wi 


th 
(E3) Suggest an efficient device from the following to be installed i 


n each : 
connect all the computers : Ch of the buildings lò 
(i) GATEWAY (ii) MODEM (iii) SWITCH 
(E4) Suggest the most suitable (very high speed) service to provide d 


Admission Building located in Delhi and the campus a Parana Pete 
following options. Tom the 
4 Telephone line 
4 Fixed-Line Dial-up connection 
4 Co-axial Cable Network 
4 GSM 
4 Leased line 


4 Satellite Connection (Outside Delhi 2009) 


17, Great Sudies University is setting up its Academic schools at Sunder Nagar and planning to set up a 


network. The university has 3 academic schools and one administration center as shown in the diagram 
below : 


Technology 
Business School 
School 


chop!" 


Number 


18. 
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of Computers in each of the Schools / Center is as follow. 
a s: 


(a) Suggest the most suitable place ( 


Le., Scho Is/Center) to i 
install the i i i i 
| | O. Server of this university wit 


(b) Suggest an ideal layout for connecting these Schools/center for a wired con 
(c) Which device you will suggest to be placed/installed in each 
connect all the computers within these Schools/center ? 

(d) The university is planning to connect its admission office in th 
than 350 km from the university. 

formed ? Justify your answer. 


nectivity. 
of these Schools/center to efficiently 


; e closest big city, which is more 
Which type of network out of LAN, MAN or WAN will be 


(Outside Delhi 2011) 
(a) What is the difference between domain name and IP address ? 


(b) Write two advantages of using an optical fibre cable over an Ethernet cable to connect two service 
stations, which are 190 m away from each other. 


(c) Expertia Professional Global (EPG) is an online corporate training provider company for IT 
related courses. The company is setting up their new campus in Mumbai. You as a network expert 
have to study the physical locations of various buildings and the number of computers to be 


installed. In the planning phase, provide the best possible answers for the queries (i) to (iv) raised 
by them. 


Physical locations of the buildings of EPG 


4 
fil, ! 
j | 


Finance i 

J building r i 
Sth fff 
i 

| iti | 
Faculty studio Administrative g 
building building j 


Building to Building Distance (in Mtrs) : 


O S 


Administrative Building | Finance Building | o| 
Administrative Building | Faculty Studio Building 
Finance Building Faculty Studio Building 


Expected Computers to be Installed in each Building : 


CO mung | compes 
Administrative Building | 0 
pe ee 
Faculty Studio Bunding | 0 
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ropriate building, where EPG should plan to install the serve 
T. 


ost a 
(i) Suggest the m PP ropriate building cable layout to connect all three bung 
"dings for 


(ii) Suggest the most app 
efficient communication. 


following is formed by connecti 
(iii) Which type of network out of the 8 ng the computers of 
buildings ? the 
a LAN 
4 WAN 


(iv) Which wirele! 
of all over the world ? 


4 Infrared 
4 Satellite 
(d) Write two advantages of using proprietary software 
(e) Which of the following crime(s) is/are covered under cybercrime ? 
(i) Stealing brand new hard disk from a shop. 
(ii) Getting into unknown person's social networking account and start messaging on hig 


a MAN 


ss channel out of the following should be opted by EPG to connect to sty 
Students 


4& Microwave 


over open source software, 


behalf. 
(iii) Copying some important data from a computer without taking permission from the owne 
T 
of the data. {Delhi 2073 


19, (a) Write two characteristics of Wi-Fi. 
(b) What is the difference between E-mail and Chat ? 
(c) Expand the following : 
4 GSM 
4 GPRS 

(d) Which type of network (out of LAN, PAN and MAN) is formed, when you connect two mobiles 
using Bluetooth to transfer a video ? 

(e) Tech Up Corporation (TUC) is a professional consultancy company. The company is planning to 
set up their new offices in India with its hub at Hyderabad. As a network adviser, you have to 
understand their requirement and suggest them the best available solutions. Their queries are 
mentioned as (i) to (iv) below : 


Physical Locations of the blocks of TUC 


Human 
Resource 


Block (To) 


E 


9 ; COMMUNICATION AND NETWORK CONCEPTS 


i chope" S } 
) ted Number of Comput ni 
| dil Puters to be installed in each block 
i 
$ 
} 
(i) What will be the most appropriate block, where TU A 
(ii) Draw a block to block cable layout to connect all = pera pn to fristall thitir server ? 
manner for efficient communication. ne buildings in the most appropriate 
(iii) What will be the best possible connectivity out of i ; 
the new setup of offices in Bangalore wes its Farra d m barge 
à Infrared à Satellite link 
a Ethernet Cable i 
(iv) Which of the following devices will be suggested by you to connect each computer in each i l; 
of the buildings ? ak 
a Gateway à Switch i 
4 Modem 
(f) Write names of any two popular Open Source Software, which are used as operating systems. 
| (8) Write any two important characteristics of Cloud Computing. (Outside Delhi 2014) 


2. (a) Ilustrate the layout for connecting 5 computers in a Bus and a Star topology of Networks. 
(b) What kind of data gets stored in cookies and how is it useful ? 
(c) Differentiate between packet switching over message switching ? 
(d) Out of the following, which is the fastest (i) wired and (ii) wireless medium of communication ? 
Infrared, Coaxial Cable, Ethernet Cable, Microwave, Optical Fiber 
(e) What is Trojan Horse ? 
(f) Out of the following, which all comes under cyber crime ? 
(i) Stealing away a brand new hard disk from a showroom. 
| (ii) Getting in someone's social networking account without his consent and posting pictures on 
| his behalf. 

(iii) Secretly copying data from server of an 
| (iv) Looking at online activities of a friends blog. 
| (8) Xcelencia Edu Services Ltd. is an educational or 
| campus at Hyderabad with its head office at Delhi. 
| - ADMIN, SCIENCE, BUSINESS and ARTS. You as a nety 
network related solutions for their problems raised in (i) to 
between the buildings and other given parameters. 


organization and selling it to the other organization. 


ganisation. It is planning to set up its India 
The Hyderabad campus has 4 main buildings 
york expert has to suggest the best 
(iv), keeping in mind the distances 


DELHI HYDERABAD 


Head Office 


ADMIN to SCIENCE 
ADMIN to BUSINESS 
ADMIN to ARTS 
SCIENCE to BUSINESS 
SCIENCE to ARTS 
BUSINESS to ARTS 


DELHI Head Office 


(i) Suggest the most appropriate location of the server inside the HYDERAB 
the 4 buildings), to get the best connectivity for maximum numbe 
your answer. 


AD campus (out of 
r of computers, Justify 


(ii) Suggest and draw the cable layout to efficiently connect various buildings within the 
HYDERABAD campus for connecting the computers. 


(iif) Which hardware device will you suggest to be procured by the company to be installed to 
Protect and control the internet uses within the campus ? 

(iv) Which of the following will you suggest to establish the online face-to-face communication 
between the people in the Admin Office of HYDERABAD campus and DELHI Head Office? 
(a) E-mail, (b) Text Chat 
(c) Video Conferencing (d) Cable TV (Outside Delhi 2015) 


21. (a) Damodar Mohan has been informed that there had been a backdoor entry to his computer, which 


(b) 


(c) 


has provided access to his system through a malicious user/programs, allowing confidential and 
personal information to be subjected to theft. It happened because he clicked a link provided in 
one of the pop-ups from a website announcing him to be winner of prizes worth 1 Million Dollars. 
Which of the following has caused this out of the following : 

(i) Virus (it) Worm (iii) Trojan Horse 
Tarini Wadhawa is in India and she is int 
She wants to show one of her own desi 
working without physicall 
for the same ? 

(i) POP3 (ii) SMTP (iii) VoIP 
Write the expanded names for 
Communications : 


() MBPS (i) WAN (ii) CDMA 


Australia. 
nstrate its 
1] be ideal 


erested in communicating with her uncle in 
gned gadgets to him and also wants to demo 
y going to Australia. Which protocol out of the following Wi 


(iv) HTTP agin d 
the following abbreviated terms used in Networ 


(iv) WLL (cBsE Delhi 2019) 


p 
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41.1 Introduction 11.6 MySQL Database System 
11.2 Purpose of DBMS 11.7 Starting MySQL 

11.3 Relational Database Model 11.8 MySQL and SQL 

11.4 The Relational Model Terminology 

11:5 Brief History of MySQL 


INTRODUCTION 


ied eed is basically a computer based record keeping system. The collection of data, 
ae pea a as the database, contains information about one particular enterprise. It 
eee y a ormation that may be necessary to the decision-making processes involved in 
lerek pp = that organization. A database may also be defined as a collection of 
hieponilani ata stored together to serve multiple applications ; the data is such stored so that it is 
of programs which use the data ; a common and controlled approach is used in 

structured . i ! aa Te ving existing data within the database. The data is 
deiat À A as to provide a foundation for future application development. The intention of a 
ase is that the same collection of data should serve as many applications as possible. 


Henc Pr 
e, a database is often conceived of as the repository of 
DATABASE 


addi : ome i 5 
ing new data and in modifying and retrie 


infor ytd s ; R 
cop mation needed for running certain functions In a 
orati : ee . 
poration or organization, Such a database would permit A database may be defined as a 
Not only the retrieval of d but also the continuous collection of interrelated data 
Modificati ; een Gs DA SS s9 = k stored together to serve multiple 
ation of data needed for control of operations. It may applications. 


e ; i 
possible to search the database to obtain answers to 


queries or inf tee À 
S or information for planning purposes. 
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11.2 PURPOSE OF DBMS 


11.3 


e a repository of the data needed for an organization's m 
be accurate, private, and protected from damage. It doaa a 
lications with different data requirements can employ the a 
Different application programmers and different end users will have different views of the da 
which must be derived from a common overall data 

structure. Their methods of accessing oF searching the data — `. 


A database system should b 
processing. That data should 
organized so that diverse app. 


will differ. Management System) refers t 

The ways in which end users want to utilize existing data paa that is responsible for 

will constantly change, and in some cases demands for new oe ta utilizing 
5 À : i atabase al 

uses of the data will arise rapidly and urgently . The extent with a DBMS is referred ia tey 

to which these demands can be satisfied determines the database system. 

o y: 


overall value of the database system. 


In a typical file-processing system, permanent records are stored in various files. A number of 
different application programs are written to extract records from and add records to the 


appropriate files. But this scheme has a number of major 


limitations and disadvantages, such as data redundancy A — 
“a ; P p : f Upucadts% of data is known as 
(duplication of data), data inconsistency (multiple copies o eRe T 


same data but not matching with one another), unsharable 

data, unstandardized data, insecure data, incorrect data etc. A 7 

database management system is answer to all these problems as 
it provides a centralized control of the data, thereby Mismatched multiple copies of 


minimizing these problems in the database. game ate S RWG a ass 
Inconsistency. 


RELATIONAL DATABASE MODEL 


In relational data model, the data is organized into tables (i.e., rows and columns). These tables 
are called relations. A row in a table represents a relationship among a set of values. Since a table 
is a collection of such relationships, it is generally referred to using the mathematical term 
relation, from which the relational data model derives its name. 


Let us see how a sample database can be represented in relational form. The sample database 
being shown here has three tables (relations) : Suppliers, Items, Shipments. 


Suppliers GuppNo, Supp_Name, Status, City) 
Items (temNo, Item_Name, Price) 


Staiger pape lien, Qty_supplied) [coloured fields represent primary keys | 


ee of ints three tables closely resembles a conventional sequential file, with rows of the table 
one ing to records of the file and columns corresponding to fields of the records. Each of 
these tables is actually a special case of the construct k 
about relations and their characteristics, we shall lea 


Rows of relations are generally referred to as tu 
altributes. } 


: : . e 
nown in mathematics as a relation. (Mor 
rn undersection 11.4.) 


‘les and the columns are usually referred to = 


1. Primary-key is the key-field that can uniquely identify a row in a relati 
on. 


crop! } 


RELATIONAL DATABASES 
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Britannia 
New Bakers 
Mother Dairy 
Cookz 


Haldiram 


Milk Bread 
Plain Biscuit 
Cream Biscuit 
Ice Cream 
Cold Drink 


Namkeen 


Figure 11.1 Sample Database in Relational Form. 


i i me, status value 
Notice, that here each supplier has a unique supplier number, exactly ots ay serait 
and location. Likewise, we assume that each item has a unique item number, , ; 


i i i lier/item 
also that, at any given time, no more than one shipment exists for a given supplier/ 
combination. 


| Components of a Table 


Let us quickly have a look at various components of a table. 


These are: 
i ; racter. 
™ A byte is a group of eight bits and is used to store a cha src itt 
ist of an 
: “a ltem A data item is the smallest unit of named data. It may cape P alin a toasa field or 
i bytes. A data item represents one type of information and is 
data element sd 
l ; ts a complete um 
is A record is a named collection of data items which represen 
information. 
Table 


pe of logical record. 


f a given ty 
A table is a named collection of all occurrences of ag 
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Figure 11.2 explains all the above mentioned terms. o 
| Fields are the columns containing one type of information. . l l SN 
| Records are the rows representing one complete unit of information (logically related information) A logical 
| record contains contents of all the fields. 
| Table is a group of all the logically related records. 
| Primary key Fields R 
| SalesmanNumber | First Name | Surname | Sales made | Target 
| EA-01 ; VINEET ARORA | 25000 | 29000 
| EA-05 | SUNILA LUNA | 16000 | 20000 
| EA-12 KAPIL KUMAR | 23000 | 21000 
| NO-10 BHUPESH ARORA | 15000 | 15000 
| NO-11 SHILPI | SINGH | 18000 16000 
| NO-32 | SANDEEP | SETHI 51000 50000 
| $0-09 SUBHASH | KUMAR | 22000 - 20000 | —— Reco d 
\ $O-11 ANAND | SWAMI | 25000 25000 | 
| $O-17 VENKET | SWAMI ——|___19000__|__20000 5 pong 
| WE-17 VIJAY | SHAH | 33000 | 32000 
| WE-19 ANUJ | SHARMA NN 17000 | 25000 
WE-21 on | 18000 | 18000 


Di — 


See, primary key field has unique — eae nen 
value for each row. ata iten 


Figure 11.2 Components of a table. 


ln a table, each record is identified with a unique value i.e., in a field of table, there are ungue 

values for all records. This unique value identifies the record. For instance in Fi ig. 11.2, the an 

Yy 

SalesmanNumber has unique values for all the records. So SalesmanNumber is the priman 
key here. 


zaned 
In a table, there may be more than one field having unique values. In such a case, only ones 
them is declared as primary key. 


The relationa ťi > user of i 
l data model is based on a collection of tables (relations). The use? 


EN i sE eve a 
(relational) database system may query these tables, insert new tuples (record/row), a we 
tuples, and modify tuples. There are several | j 


such languages are relational query | 


Examples of common Rel 


rations- 
anguages for expressing these operatic 
anguage and relational algebra. 


ational Database Mi 
Microsoft SQL Server r, MYSQL, IBM DB2, 


are st 
magement Systems include Oracle dat 
SAP Sybase IQ, Teradata, Postgre 


irist 
IBM Informix, SAP Sybase Adaptive Server Enten 
SQL, SQLite etc. 
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Out of these, MySQL, PostgreSQL and SQLite are Open Source implementations 
MySQL is a relational dbms that can run on v 
and Windows. Popular for web-based applicati 
open-source enterprise stack LAMP ( Linux, 


SQLite is a relational database manage 


irtually all platforms, including Linux, Unix 
ons and online publishing, MySQL is part of 
Apache, MySQL, PHP). 

ment system. SQLite is not a client-s 5 
pe \ . SOL a client-server database 
engine, rather, itis embedded into the end program. It is arguably the most widely deployed 
database engine, as it is used today by several widespread browsers r c 


embedded systems (such as mobile phones), among others. 
PostgreSQL is a general purpose and object-relational database m 


most advanced open source database system. PostgreSQL is free 
Its source code is available under PostgreSQL license, 


operating systems, and 


anagement system, the 
and open source software. 
a liberal open source license. 


Common database management tools for mobile devices include SQL Anywhere, DB2 
Everywhere, IBM Mobile Database, SQL Server Compact, SQL Server Compact, SQL Server 


Express, Oracle DatabaseLite, SQLite, SQLBase etc. Out of these SQLite is a public domain 
Open Source implementation. 


There are some other database models namely network data model, hierarchical data model and 
object oriented data model, But covering these here is beyond the scope of the book. 


11.4 THE RELATIONAL MODEL TERMINOLOGY 


The relational model was propounded by E.F. Codd of the IBM and has since been 
acknowledged as a very important concept in DBMS (Data Base Management Systems) 
technology. Let us explore this model in details. Different terms used in the relational model are 
being discussed here. 


Relation. In general, a relation is a table ie., data arranged in rows and columns. A relation has 
the following properties : 


I. In any given column of a table, all items are of the same kind whereas items in different 
columns may not be of the same kind. 

2. For a row, each column must have an atomic (indivisible) value and also for a row, a 
column cannot have more than one value. 

3. All rows of a relation are distinct. That is, a relation does not contain two rows which 
are identical in every column. That is, each row of the relation can be uniquely 
identified by its contents. 

4. There is no order maintained for rows inside a relation. That is, we cannot retrieve any 
thing by saying that from row number 5, column name is to be accessed. 


The columns of a relation are assigned distinct names and the ordering of these columns 


is immaterial. Nore 


Domain A ER > ca nie 
omāin. A domain is a pool of values trom w hich the actual a ra Zak elaine 


Values appearing in a given column are drawn. For example, 


data mode! is that associations 
the Values appearing in the SuppNo column of both the between rows are represented | 
Suppliers table and the Shipments table are drawn trom the solely by data values in columns 


: ean tS Sh drawn from a common domain, 
Underlying domain of all valid supplier numbers. (See Fig. 11.3) se voit 


B 
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A domain is said to be atomic if elements of the domain are considered to be indivisible uni 

Ac s ‘ : senigi aske me tints R 

For example, the set of integers is an atonuc domain but the set of all sets of integers is a Aga Pa S, | 
ex + “Atomi 


domain. . 


A ™ 
i r S4 h 


Supplier Numbers j See, the SuppNo columns are drawing their 
Domain $i values from supplier numbers domain 
S6 


\ 3 s57 


Suppliers 


Qty_supplied 


Supp_Name | Status 


Britannia 


Delhi 
New Bakers Mumbai 
| s3 Mother Dairy Delhi 
Cookz Bangalore 


S5 Haldiram Jaipur 


Figure 11.3 SuppNo in Suppliers and Shipments draw values from same domain. 


In the sample database, observe that relations Suppliers and Shipments have a common domain 
(supplier numbers domain) and so do Items and Shipments (Item numbers domain). 


See that in the table Shipments the supplier S1 is supplying 10 units of item {2 and from the 
table Suppliers it can be said that a Delhi based supplier Britannia is supplying 10 units of 
item I2. That is how the association between rows (S1, 12, 10 of Shipments and S1, Britannia, 10, 
Delhi of Suppliers) can be represented. 


Tuple. The rows of tables (relations) are generally referred to as Tuples (usually pronounced to 
rhyme with “couples”). 


Attributes. The columns of tabies (relations) are generally referred to as attributes. 
Degree. The number of attributes in a relation determine the degree of a relation. A relation 
having 3 attributes is said to be a relation of degree 3. Similarly, a relation having n attributes is 
said to be a relation of degree n. Relations of degree one are 5 

said to be unary, relations of degree two are binary, relations of 
degree three are ternary, ....., and relations of degree n are The rows and columns © & 
n-ary. relation are known a5 Tuples 


b i he 
: l tributes respectively. 
i : I ( and Attribu 


r ji a 
SE rows) in a relation is number of attributes 1M 

called the cardinality of the relation j &g; the cardinality of relation is called Degree and the 
Shipments relation is 9. Similarly, 


A tion is 
ee the cardinality of Suppliers number of rows in a rela 
relation is 5. known as Cardinality. 


va - 
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j a view isa kind of table whose contents are taken from ot] ai a 
: wpe omer 
. depending upon a con van 
tables depel k Pie a s ae Views do not contain A View is a (virtual) table that 
data of their own. co atents of a view are determined by does not really exist in its own | 
carrying out the execution of the given query (the piver right but is instead derived from 
ition). ; biven one or more underlying base | 
con table(s). | 
i 


The kinds of tables (relations) that you have come 


These are the tables that actually contain data. There is another kind of tables, the views. Views 

are tables whose contents are derived from other tables (their base tables) sia time the i sa 

referred to. There is no stored file created for Storing the contents of a ie Diw only the 

definition of a view is stored. Everytime a view is referred to, its contents ve derived from its 

underlying base table(s) using its stored definition. Thus, a view is also referred to as a virtual at 
table. ne 


across with until now are called base tables. 


Following Fig. 11.4 explains the concept of a view. Views are like windows through which you 
view desired information that is actually stored in a base table. 


| CREATE VIEW Goodltems AS 


| (name of the view) 
SELECT * FROM Items (name of the base table) 
| | Definiti À WHERE Price >12 ; 
| | iaeia i a ee (the condition) 


Goodlitems (A Virtual Table based on Items table) 
Hem Name | Price | i 
11 Milk AL Es 
| Milk Bread 


Ice Cream 


Namkeen 


Figure 11.4 The concept of Views. 


A view can be used just like any other table. It can be queried, updated, inserted into, deleted 
from, and joined with other tables and views. 

Views greatly extend the control you have over your data. They are an excellent way to give 
People access to some but not all of the information in a table. Even Read-only views can also be 
created which means that they can be queried, but they cannot be subjected to update commands. 


(Though there is a lot that can be discussed about views yet we are not going further in 
explaining views as it is beyond the scope of this chapter and the book.) 


1] 
4.2 Structure of Relational Databases 
Consider the Items table of our sample database. It has three attributes : ItemNo, Item_Name, 


and Price, For each attribute, there isa set of permitted values, called the domain of that attribute. 
A a f 


Do 


sanar 
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For the attribute Item_Name, for example, sie eng A z nit nae ya é mes. Let Dg be thi 
set (of item names). D1 be the set of item numbers, ane si A ni k se prices. Now a is 
Items must be a 3-type (i-e, must have values for 3 attributes), say - , tie x3) where x1 
number, x2 is the item name and x3 is the price of the item. That means xlis in domai 
in domain D2, and x3 is in domain D3. In general, the table Items will contain only 


the set of all possible rows. Therefore, Itents is a subset of 


D1 x D2 x D3 


ny row o f f 
1S an item | 

n D1, x2 is 

a Subset of 


In general, a table having " attributes must be a subset of 


Di xD28-aseee® Dasi % D, 


11.4.2A Keys 
It is important to be able to specify how rows ina relation are distinguished conceptually, rows 
are distinct from one another, but froma database perspective the difference among them sia 
be expressed in terms of their attributes. Keys come here for a rescue. 


Primary Key 
Within a given relation, a set of one or more attributes having values that are unique within the 
relation and thus are able to uniquely identify that tuple, is said to be the primary key of the relation, 


Every relation does have a primary key. In our sample database, SuppNo is the primary key for 
Suppliers as it contains unique value for each tuple in the relation. Similarly, ItemNo is the 
primary key for Items and the combination of SuppNo and ItemNs is the primary key for the 


Shipments relation. PRIMARYIKEY | 


In some tables, combination of more than one attribute a Plimany Mey isa setg ieee Ẹ 
provides a unique value for each row. In such tables, the nares Skies. iE n 
group of these attributes is declared as primary key. In such uniquely identify tuples within 
cases, the primary key consists of more than one attribute, it is the relation. 
called composite- primary-key. 


The primary key is non-redundant i.e. it does not have duplicate values in the same relation. 
The non-primary-key attributes of a table can be referred to as non-key attributes. 


Candidate Key 


Occasionally we may encounter a relation in which there is CANDIDATE KEYS 4 


more than one attribute possessing the unique identification All attribute combinations insidea 


property. relation that can serve a5 aie | 
. " e 

In our sample database, there are two candidate keys SuppNo key are Candidate pia goa | 

and Supp_Name in the Suppliers relation. Both of these ane Gidda fr OP | 


key position. 


attributes contain unique values for each tuple. Similarly, in 
Items, ItemNo and Item_Name are candidate keys. 
{ 


m as the 


In the case of two or more candidate keys/ the database analyst decides one of the 
primary key for the relation. 


Alternate Key 


In case of two or more candidate keys, only one of them att 


$ ~ meee 
serves as the primary key. The rest of them are alternates only A candidate key that i an 
. . 9 = is ca 
In Suppliers table, Supp_Name is the alternate key and in primary key 
Items table Item_Name is the alternate key Alternate Key- 


il Se 


, Reva aoaaa 
y 
iN oe o i 


Pe y ren 
ESR 


reign Key is used to repres 
A foreign key is used to represent the relationship between two table 
non-key attribute (ora group of non-key attributes) whose value is derive 
of another table. or in other words, a non-key attribute of a table, w 
i other table is known as forcign-key. i 


s. A foreign key is a 
d from the primary-key 
hich is the primary-key of 


The table in which this non-key attribute i.e., the foreign-key L FOREIGN Rey. STs | 
attribute exists, is called a Foreign table or Detail tab 


A non-key attribute, whose 
lefi he Pri le, and values are derived from the 
nat defines the Primary-key, whi aoni 
the table the Die is called P J Y, which the for eign key of primary key of some other table, 
detail-table refers to, is called Primary table or Master table, is known as Foreign Key in its 
ferential Integrity 


current table. 


Areferential integrity is a system of rules that a DBMS uses to 
ensure that relationships between records in related tables are 
valid, and that users don’t accidentally delete or change 


REFERENTIAW INTEGRITY 


Referential integrity is a system 
; f rules that a DBMS uses to 
d data. S 
relate ° ok s ensure that relationships 
You can set referential integrity when all of the following between records in related 
conditions are met : 


tables are valid, and that users 
; z R , . don’t accidentally delete or 
© The matching field from the primary table is a primary change related data. 

key or has a unique index. 


© The related fields have the same data type. 


© Both tables belong to the same database. If the tables are linked tables, they must be of 
same DBMS format, and you must open the database in which they are stored to set 
referential integrity. Referential integrity can’t be enforced for linked tables from 
databases in other formats. 
When referential integrity is enforced, you must observe the following rules : 


® You can’t enter a value in the foreign key field of the related table that doesn’t exist in the 
primary key of the primary table. However, you can enter a Null value in the foreign key, 
specifying that the records are unrelated. For example, you can’t have an order that is 


assigned to a customer that doesn’t exist, but you can have an order that is assigned to no 
one by entering a Null value in the CustomerID field. 


® You can’t delete a record froma primary table if matching records exist in a related table. 


For example, you can’t delete an employee record from the Employees table if there are 
orders assigned to the employee in the Orders table. 


© You can’t change a primary key value in the primary table, if that record has related 


records. For example, you can’t change an employee's ID in the Employees table if there 
are orders assigned to that employee in the Orders table. 


i, 
5 BRIEF HISTORY OF MYSQL 


MySQL is a freely available open source Relational Database Management System (RDBMS) that 
uses Structured Query Language (SQL). It is down-loadable from site www.mysqLorg Ina 
MySQL database, information is stored in Tables. A single MySQL database can contain many 
tables at once and store thousands of individual records. MySQL provides you with a rich set 
a features that support a secure environment for storing, maintaining, and accessing data. 


YSQL is a fast, reliable, scalable alternative to many of the commercial RDBMSs available today. 


Bm 
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MySQL was created and is supported by MySQL AB, a company based in Swed 

(www.mysql.com). This company is now a subsidiary of Sun Microsystems, which holds 
73 copyright to most of the codebase. On April 20th, 2009 Oracle Corp., which develops and sell 
Pa the proprietary Oracle database, announced a deal to acquire Sun Microsystems. 3 


The chief inventor of MySQL was Michael Widenius (a.k.a. Monty). MySQL has been nam 
Monty's daughter My. The logo of MySQL, the dolphin, is named as “Sakila”. 


en 


ed after 


11.6 MYSQL DATABASE SYSTEM 


The key role of a database management system is information management. A datab 
is the key to solving the problems of information management. In general, a server must 
reliably manage a large amount of data in a multi-user environment so that many users can 
concurrently access the same data. A database server must also prevent unauthorized access 
and provide efficient solutions for failure recovery. 


ase se Tver 


MySQL database system refers to the combination of a MySQL -erver instance and a MySQL 
database. MySQL operates using client/server architecture in which the server runs on the 
machine containing the databases and clients connect to the server over a network. The server 
operating systems is usually a Linux (like Redhat 9.0 ete.) or Windows operating system. 
Typically MySQL is supported on Windows XP, Windows Server 2003, Red Hat Fedora Linux, and 
Debian Linux, and others. As with any other client/server application, MySQL is a multi-user 


N 


tas 
5 ií database system, meaning several users can access the database simultaneously. 
%3 Here : 
r | 

a 
3 © The server (MySQL server) listens for client requests coming in over the network and 
3 | accesses database contents according to those requests and provides that to the clients. 
Ad M 
5 & Clients are programs that connect to the database server and issue queries in a 
a pre-specified format. MySQL is compatible with the standards based SQL (Structured 
Rr Query Language). The client program may contact the server programmatically (meaning 
3 a program call the server during execution) or manually. For example, when you are 
G ar ; g abaia R 

v! issuing commands over a session to a MySQL server, you are issuing the requests to the 
$ server by typing commands at your command prompt manually. On the other hand, if 


you have input some data (say your credit card information on the Internet towards 
purchase of some goods) in a form, and the form is processed by using a server side 
aio program, then the MySQL server is contacted programmatically. This is often the case in 
H ha credit card approvals, member subscriptions ete, 

Some of the key features of MySQL are : 


1. Speed. If the server hardware is optimal, MySQL runs very fast. It supports clustered 
id servers for demanding applications. 

? 2. Ease of use. MySQL is a high-performance, relatively simple database system. From the 
j beginning, MySQL has typically been configured, monitored, and managed from the 


; command line. However, several MySQL graphical interfaces are also available. 
a 5 grap terfaces ar 
j st. MySOL js avai Sets oa ‘SQL is 
4 3. Cost. MySQL is available free of cost. MySQL is a “Open Source” database. My A à 
A f ae F S 
4 part of LAMP (Linux, Apache, MySQL, PHP / Perl / Python) environment, a [4 
a “i 4 y oO pP ri ig ay ; a i S á S n 
4 growing Open source enterprise software stack. More and more companies are — 
4 LAMP as an alternative to expensive proprietary software stacks because of its low 
H cost, reliability, and documentation. 
5 i 
S 
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ope 
oh Query Language Support. MySQL understands standards based SQL (Structured Query 
Language). 
portability. MySQL provides portablility as it has been tested with a broad range of 
` different compilers and can work on many different platforms. It is fully multi-threaded 


using kernel threads. It can easily use multiple CPUs if they are available. tH 


pata Types. MySQL provides many data types to support different types of data. It also 
6 supports fixed-length and variable-length records. 
Security. MySQL offers a privilege and password system that is very flexible and 
secure, and that allows host-based verification. Passwords are secure because all 


password traffic is encrypted when you connect to a server. 


x 


g. Scalability and Limits. MySQL can handle large databases. Some real life MySQL databases 


contain 50 million records, some have up to 60,000 tables and about 5,000,000,000 rows. 


Connectivity. Clients can connect to MySQL Server using several protocols: A 
Localization. The server can provide error messages to clients in many languages. i 
11, Clients and Tools. MySQL provides several client and utility programs. These include ti 
both command-line programs such as mysqldump and mysqladmin, and graphical iit} 


programs such as MySQL Administrator and MySQL Query Browser. MySQL Server 
has built-in support for SQL statements to check, optimize, and repair tables. iit 


11.7 STARTING MYSQL 


Starting MySQL is similar to the way you start other applications in Windows platform. Make 
sure that MySQL Server is installed on your machines. Once it is installed, you need to click at 
Start >All Programs + MySQL —> MySQL Server > MySQL Command Line Client (see 
figure below) 


pa d É E) NetBeans eN ir 


P) Ghostgum Click here to 


C) Ghostscript 


Reince Netconnect 


It will 
s . ‘ 
e a the MySQL client where you have to specify the password. Ask your teacher about 
vord for the MySQL installation in your lab. HH 


L Sever 5. 1Einimysgkere 


n 


svord: | 


Í One o the My 91, roni 5 s ith ; or y- | 
[beur Mya. conkeeiton gotiem Connands end with ; or So { f 
version: 5.1.93-connmunity MySQL Connunity Server <GPL) d t 

Yne "be ne Í i 

f helpi’ or Nh’ for help. Type ’Sc’ to clear the buffer. $ 


f 


[Pycal> _ | 
f 
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Now you can start working in MvSOL. When vou are through with your w 


: i ork, you can quit 
from MySQL by typing Quit at the mysql> prompt (sce fig below). 


H Chaat HARASS MALO Servet St ben \rnyughone, 


ter pascuord: wesu” 

[Melcone to the MySYL monitor. Commande end vith ; or \q. 
iNour MySQL connection id is 2 z 
Server version: 5.1.33? community MeSQ@L Conmunity Server (GPL) 
[Tepe ‘helps’ op '\Nh' far help. Type “\c’ to clear the buffer, 
tA 


ihysg Id quit vst 
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11.8 MYSQL AND SQL 


In order to access data within the MySQL database, all programs and users must use, Structured 
Query Language (SQL). SQL is the set of commands that is recognised by nearly all RDBMSs, 
Usage of SQL has become a standard for most of RDBMSs. Though application programs and 
MySQL tools often allow users to access database without directly using SQL, but these 
applications in tum must use SQL when executing the user’s request. 

The Structured Query Language (SQL) is a language that enables you to create and operate on 
relational databases, which are sets of related information stored in tables, 

The database world is becoming increasingly integrated, and this led to a clamour for a 
standard language that can be used to operate in many different kinds of computer 
environment. The SQL (Structured Query Language) has proved to be a standard language as it 
allows users to learn one set of commands and use it to create, retrieve, alter, and transfer infor- 
mation regardless of whether they are working on a PC, a workstation, a mini, or a mainframe. 
There are numerous versions of SQL. The original version was developed at IBM’s San Jose 
Research Laboratory (now the Almanden Research Center). This language, originally called Sequel, 
was implemented as part of the System R project in early 1970s. The Sequel language has 
evolved since then, and its name has changed to SQL. In 1986, the American National Standards 
Institute (ANSI) published an SQL standard that was updated again many times. Prominent 
updations include updations in years 1992, 2003 and 2008. 


SQL has clearly established itself as the standard relational database language. In this chapter, 
we present a briefed survey of SQL. 
11.8.1 Processing Capabilities of SQL 


The SQL has proved to be a language that can be used by both casual users as well as skilled 
programmers. It offers a variety of processing capabilities, simpler ones of which may be use 
by the former and the more complex by the latter class of users. The various processing 
capabilities of SQL are : 


1. Data Definition Language (DDL). The SQL DDL provides commands for — 
relation schemas, deleting relations, creating indexes, and modifying relation schema: 
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5, 


6. 
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peL ATIONA 


 Janguage based on both the relational algebra 
anpe o” 


` within general-purpose programming | 
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ptoractive Data Manipulation Language (DML). The SOL DML includes a query 
- D) RS g e 
and the tuple relational calculus. jt 
„and modify tuples in the database. 
resided Data Manipulation Language, The embedded form of SOL 
F anguages such as P I 


judes also commands to insert, delete 
inc 


is designed for use 


: f L/1, COBOL, Fortran, Pascal, 
and C, C+ ete. 


view Definition. The SQL DDL also includes commands for defining views, 
Authorization. The 


; SQL DDL. includes commands for specifying access rights to 
relations and views. 


Integrity. The SQL provides (limited) forms of integrity checking. Future products and 
standards of SQL are likely to include enhanced features for integrity checking. 
Transaction Control. SOL includes commands for specifying the beginning and ending 


of transactions along with commands to have a control over transaction processing. 


118.2 Data Definition Language 


A database scheme is specified by a set of definitions which are 


expressed by a special language called a data definition language A j sA ; file oe 

-sa pie ae Nata contains “metadata” ie., “da 
(DDL). The result of compilation of DDL statements isa set of aata". ! 
tables which are stored in a special file called data dictionary TPS 
(or directory). 


Whenever data is read or modified in the database system, the data dire 
The DDL provides 


ctory is consulted. 
a set of definitions to specify the storage structure and access methods used 


by the database system. 


An ideal DDL should perform the following functions : 


1, 


wo aon a 


Thess 


It should identi 
data-base file, 


It should give a unique name to each data-item-type, record-type, file-type, database, and 
other data subdivision. 


fy the types of data division such as data item, segment, record, and 


It should specify the proper data types. 


. It should Specify how the record types are related to make structures. 
5. It may define the type of e 


ncoding the program uses in the data items (binary, character, 


etc.). This should not be confused with the encoding employed in physical 
representation, 


bit, string, 
It may define the length of the data items. 


range of values that a data-item can assume. 
ans of checking for errors in the data. 


It may define the 
It may Specify me 
It May specify Privacy locks for preventing unauthorized reading or modification of the 
data, f i 
s logical data definition should not specify addressing, indexing, or searching 
echniques Or specify the placement of data on the storage units, because these topics 
are į in of i i ar 
in the domain of physical, not logical, organization. 


L ; , we 
Q Commands covered later in this unit, include DDL commands also. 
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ae! 11.8.3 Classification of SQL Statements 


SQL, technically speaking, is a data sublanguage. That is, it is a language Used ț 
database. In other words, all SQL statements are instructions to the database 
q where it differs from general-purpose programming languages like‘C’ or’ Cay! 


rent Purposes. 


only an wi 
r'BASic, at ig 
SQL Command 
(i) Data Definition Language (DDL) Commands 

(ii) Data Manipulation Language (DML) Commands 
(iii) Transaction Control Language (TCL) Commands 
(iv) Session Control Commands 


SQL provides many different types of commands used for diffe 
can be divided into following categories : 


(v) System Cont 
Out of these, we shall not be talking about session control commands and system 
commands as their discussion is beyond the scope of this book, Contro] 


11.8.3A DDL Commands 


The Data Definition Language (DDL) commands, as the n 
tasks related to data definition. That is, through these com 


rol Commands 


ame suggests, allow you to Perform 


mands, you can Perform tasks like ; 


(i) Create, alter, and drop schema objects. This section of DDL commands is used to Create 
or define, or change, or delete objects such as a table, a view, an index ete, CREATE command: 
are used to create schema objects, ALTER commands are used to modify or change the 
definition of already existing schema objects and DROP commands are used to delete or 
remove schema objects. Some examples of such DDL statements are : CREATE TABLE, 
ALTER TABLE, DROP TABLE, CREATE INDEX, ALTER INDEX, DROP INDEX, RENAME 

TABLE, TRUNCATE ete. 

(ii) Grant and revoke privileges and roles. 
or revoke permissions or privileges to w 
scott) who creates a table (say table) 
allow others to work on his/her t 
to others. To revoke already gr 
DDL commands is also known 


TE TE RR ELE ills IS, 


This section of DDL Commands is used to grant 
ork upon schema objects. For example, a user (say 
becomes the owner of the table. The owner of the table can 
able. This can be achieved by GRANTing privilege for the same 
anted privileges, REVOKE command is used. This section of 
as Data Control Language (DCL) Commands. 


(iii) Maintenance commands. This section of DDL commands is used to ee 
information on a table with an aim of maintaining it. Examples of table maintenance commands 
are : ANALYZE TABLE, CHECK TABLE, REPAIR TABLE, RESTORE TABLE etc. 


11.8.3B DML Commands 


By data manipulation, we mean ; 


A Data Manipulation Lansts' 


. . . bles 
© the retrieval of information store (DML) is a language that ena?“ 


d in the database. 


l É > nipite 
the insertion of new information into the database. = = pro u 
Joti sp i data as organ 
the deletion of information from the database. appropriate data | 
© the modification of data Stored in the database, 
The DMLs are 


basically of two types : 
(i) Procedural DMLs require a user to s 


(ii) Non-procedural DMLs re 
how to get it. 


; r -p tO et it. 
pecify what data is needed and how to & , 
t spec 


p 


jfying 
; thou 
quire a user to specify what data is needed witho 
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f 
chop! , 
i pata Manipulation Language (DML) commands, as the name su ggests, are used to manipulate 
he 


That is, DML commands query and manipulate data in existing schema objects. For 
data. je, to insert a tuple in a table, a DML statement (INSERT INTO) is used ; to modify a tuple 
a another DML statement (UPDATE) is used ; to delete a tuple in a table, the DML 
2 {DELETE is used. Other examples of DML commands are : SELECT, LOCK TABLE etc. 


ina 
statemen 
g3C TCL Commands 
ya already mentioned, a transaction is one complete unit of work e.g., preparing report-card for a 
eon i is A transaction, but it involves many steps like - open student's table, read data from it, 
+ oy it! able, read data from it, calculate percentage and grade, write the computed result to result 
fle and finally close these three tables (student table, marks table and result table). iH 
A transaction is successfully completed (known as COMMIT) if and only if all its constituent steps ; 
até successfully completed. To manage and control the transactions, the transaction control 


commands are used. These commands manage changes made by DML commands. th 


amples of TCL commands are : 


Some ex f } i 
COMMIT it makes all the changes made by statements issued, permanent Hi 
ROLLBACK it undoes all changes since the beginning of a transaction or since a savepoint iih 
SAVEPOINT it marks a point upto which all earlier statements have been successfully 


completed and if required — in case of failure - one may undo the changes 
i.c., rollback up to this very point 


SET TRANSACTION it establishes properties for the current transactions. 


LET US REVISE 


-n ES, 
ee i 
e 114 & A collection of data is referred to as database and a database 
(management) system is basically a computer based record keeping 
1, Define the following terms : system. 
(a) relation (b) tuple &, Database systems help reduce data redundancy, data inconsistency H 
(c) attribute (j domai and facilitate sharing of data, standardization of data and data 
(e) primary key (f) candidate key pe , A 
i (9) cartsian product (hj dëgres te aa, data model organizes the data into tables known as 


» What are views ? How are they useful ? 


» Define the following : <A view is a virtual table derived from one or more underlying base 


(i) Primary key (ii) candidate k oe s : 
(iii) alterate ee (ie 2 j ey < There is no stored file created for storing a view’s contents, rather, 
4. What is Meecha sin key. only the a definition is stored. . 
5. What is hew a . <% MySQL is a free, open-source Relational Database Management 
example, ‘plain with a suitable — ¢, A MySQL database system consists of a MySQL server instance and 


a MySQL database. 

ary Key and p Sew < Some key features of MySQL are : portability, secure system, a 

; p ional ema ofa setatibndin scalable and supports localization. 14 

at do ~ SQL statements can be classified into : Data Definition Language H 
Candi you understand by the terms & 50 ; : 3 fi >e pasi 9 a 

(DDL), Data Manipulation Language (DML), Transaction Control 


ate Ke 
elation «. “SY and inalit i 
“lation in Cardinality of a Language (TCL), Session Control Language and System Control 
Language. 


Telational database ? : 
Ma i 
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What d 
0 
Kine you understand by the terms 


Eoiective Type Questions 
OT @s 


Multiple Choice Questions 


1. A relational database consists of a collection of 


(a) Tables (b) Fields (c) Records (d) Keys 
2. A relational database consists of a collection of 
(a) Tuples (b) Attributes (c) Relations (d) Keys 
3. A(n) in a table represents a logical relationship among a set of values. 
(a) Attribute (b) Key (c) Tuple (d) Entry 
4. The term is used to refer to a record in a table. 
(a) Attribute (b) Tuple (c) Field (d) Instance 
5. The term is used to refer to a field in a table. 
(a) Attribute (b) Tuple (c) Row (d) Instance 
6. A is a property of the entire relation, which ensures through its value that each tuple is 
unique in a relation. 
(a) Rows (b) Key (c) Attribute (d) Fields 
7, Which of the following attributes cannot be considered as a choice for primary key ? 
(a) Id (b) License number (c) Dept_id (d) Street 
8. An attribute in a relation is a foreign key if it is the key in any other relation. 
(a) Candidate (b) Primary (c) Super (d) Sub 


9. Consider the table with structure as : 
Student (ID, name, dept name, tot_cred) 
In the above table, which attribute will form the primary key ? 


(a) Name (b) Dept (c) Total_credits (d) ID 
10. Which of the following is not a legal sub-language of SQL ? 
(a) DDL (b) QAL (c) DML (d) TCL 


Fill in the Blanks 
1. Collection of logically related data tables is called a 


2, The duplication of data is known as data 


3. A pool of values wherefrom a field can draw values, is called 
4. A row ina relation is called a 
A column in a relation is called an 


The number of attributes in a relation is called its 


S p 


7. The number of tuples in a relation is called its 
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An attribute that can uniquely identify each tuple in a relation is called 


A non-key attribute derived from the primary key of some other relation is called 


10, A data model wherein data is arranged in tabular forms called relations and linked through 


common attributes of relations, is called data model. 


True/False Questions 


1, 
2. 
3, 
4 
5 


A table in a relational database can store empty values. 

A relation is a table having unordered non-atomic values. 

A primary key can store empty values in it. 

Common attribute of two tables is called a foreign key. 

A common attribute of two tables is called a foreign key if it is the primary in one table. 
Part of SQL which creates and defines tables and other database objects, is called DDL. 
Part of SQL which manipulates data in tables, is called TCL. 

Part of SQL which accesses and manipulates data in tables, is called DML. 

Part of SQL which controls transactions, is called TCL 

MySQL is the name of a customised query language used by Oracle. 


NOTE ; Answers for OTQs are given at the end of the book. 


Solved Problems 
ele S aa SEE OOE ii 


1, 


What is a database system ? What is its need ? 

Solution. A database is a collection of interrelated data and a database system is basically a computer 
based recordkeeping system. 

A typical file processing system suffers from some major limitations like data redundancy (duplication 
of data), data inconsistency, unsharable data, unstandardized data, insecure data, incorrect data etc. On the 
other hand, a database system overcomes all these limitations and ensures continuous efficiency. 


The advantages provided by a database system are : 


(i) Reduced data redundancy (ii) Controlled data inconsistency 
(iii) Shared data (iv) Standardized data 
(v) Secured data (vi) Integrated data. 


Therefore, to have the systems with increased performance and efficiency, the database systems are 
preferred. 
Can you think of disadvantages of using a database system ? What are these ? 


Solution, With the complex tasks to be performed by database systems, certain things may crop up 
that may be termed as disadvantages of using database system. These are : 


Security may be compromised without good controls. 
Integrity may be compromised without good controls. 
Extra hardware may be required. 

Performance overhead may be significant. 

System is likely to be complex. 
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A database is to contain information about persons and skills. At a particular time the 


‘ie at following Perso 
represented in the database, and their skills are as indicated. NS are 


Person Skills 

Anuj Programming 

Bhawna Operating and Programming 
Chetan Engineering and Programming 
David Operating and Engineering 


For each person, the database contains various personal details, such as address. For each skill it 
identification of the appropriate basic training course, an associated job grade code, and other iy 
database also contains the date cach person attended each course, where applicable 
attendance at the course is essential before the skill can be said to be acquired ). 


Contains ay 


1formation, The 
(the assumption is that 


Sketch a relational view for this data. 


Solution. Relational view 


Person Skill 


| Pname | Address | smm | 
| 


Anuj 


Skill-Name | Course 


Programming 


Jobcode 
Bhawna 

Chetan 

David 


Operating 


Engineering 


Perskill 


SkillName 


Anuj Programming 
Bhawna Operating 
Bhawna Programming 
Chetan Engineering 
Chetan Programming 
David Operating 


David Engineering 


What are views ? How are they useful ? s 

ead derived 
taken upon 
contents 


Solution. A view is a virtual table that does not really exist in its own right but is inst 
from one or more underlying base table(s). The view is a kind of table whose contents are 
other tables depending upon a given query condition, No stored file is created to store t 


of a view rather its definition is stored only. 


to 
rank 5 a people acces’ 
The usefulness of views lies in the fact that they provide an excellent way to give peep } 


some but not all of the information in a table. 
What is the purpose of using MySQL ? u 
(RDBMS) th? 
Tables. * 
ecora>: 


Solution. MySQL is a free, open source Relational Database Management System ( 
Structured Query Language (SQL). In a MySQL database, information is stored in 
MySQL database can contain many tables at once and store thousands of individual " 


p 


pm 
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jerstand by MySQL server instance ? 
you um y Mi 
what do ! 
golutio 
memory 
according tot 
you! understand by MySQL client ? 


MySQL Clients are programs that connect to the MySQL server and issue queries in a 
fied format. MySQL is compatible with the standards based SQL (Structured Query 
The client program may contact the server programmatically or manually. 


n. MySQL server instance is created from background processes and applications. It stays in 


and listens for client requests coming in over the network and accesses database contents 
hose requests and provides that to the clients, 


What do 
Solution. 

re-spec! 
Language): 
MySQL provides some command line programs and GUI programs. Name some of these. | 
solution. Command line programms : mysqldump and mysqladmin il 4 i 
GUI programs : MySQL Administrator and MySQL QueryBrowser 


What is SQL ? What are different categories of commands available in SQL ? 


Solution. In order to access data within the Oracle database, all programs and users must use, } | 
Structured Query Language (SQL). SQL is the set of commands that is recognised by nearly all bj 


RDBMSs. iti 
SQL commands can be divided into following categories : oH 
Data Definition Language (DDL) Commands. 
Data Manipulation Language (DML) Commands. 


Transaction Control Language (TCL) Commands. 
Session Control Commands. 


ou Be O o3 a 


System Control Commands. 


0. Differentiate between DDL and DML commands. 
Solution. The Data Definition Language (DDL) commands, as the name suggests, allow you to HEN 
perform tasks related to data definition. That is, through these commands, you can perform tasks j 
like, create, alter and drop schema objects, grant and revoke privileges etc. 
p Data Manipulation Language (DML) commands, as the name suggests, are used to manipulate 
tata. That is, DML commands query and manipulate data in existing schema objects. 


LOSSARYy 
a 
ilterng 
Poe hey j condidale key which is not primary key. 
ise Table A column cf a relation. 
‘dicate ee se table having an independent existence ; represented in storage by a distinct stored file. 
Hdinality Attribute combinations in a relation that can serve as a primary key. 
ta Redundane. nae of tuples in a relation. 
taba ¥ Duplication of data 
tabasa System Collection of interrelated data | 
“combination of a computer based recordkeeping system and a database. | 
“emai Number of atiribures in o relation. i f 
“mary Key A pooi of values from which the actual values appearing in o given column are drawn. i} 


S pert sien j 
el of one or more attributes that can uniquely identify tuples within a relation. 
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Relation Data arranged in rows and columns and having certain properties, 
Tuple A row of a relation. 
View 


A virtual table derived from one or more underlying base tables. 


Data Dictionary A file containing metadata i.e., data about data. 


SQL Structured Query Language A language to operate upon RDBMSs. 


Assignments 


Summarize the major differences between a relation and a traditional file. 
Define the terms : (i) database (it) SQL (iti) view. 

What is data redudancy ? How does it impact a database ? 

What is data inconsistency ? How does it impact a database ? 

Define the terms : (i) tuple (ii) attribute (iii) domain (iv) 
Define the terms : (i) primary key ( 


ee 


degree (v) cardinality. 
ii) foreign key. 

What is MySQL ? What are its functions and features ? 

What is the role of database server in database management system ? Giv 
What is the use of SQL in MySQL ? 


c eN DY & WON 


e the key features of MySQL. 


' 10. How are SQL commands classified ? 
11. What functions should be performed by ideal DDL ? 
12. Differentiate between DDL and DML commands. 

i 13. Name some commands used to assign/revoke priviledges from database users. 
14. 


Name some table maintenance commands. 
ne 15. What is TCL part of SQL ? 


12.1 


Simple Queries 
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12.5 Making Simple Queries 
12.6 MySQL Functions 
12.7 Aggregate Functions 


12.1 Introduction 

12.2 Some MySQL SQL Elements 
12.3 SQL Command Syntax 

12.4 Sample Database 


INTRODUCTION 
SQL, Structured Query Language, was developed in 1970s in an IBM Laboratory. SQL, 
sometimes also referred to as SEQUEL is a 4th generation non-procedural language. The 
Non-procedural languages just need to be specified ‘WHAT’ of the problem. That is, in 
non-procedural languages ‘WHAT is required’ is specified in contrast to 3GL’s ‘HOW it is to be 
done’. Since SQL is non-procedural and that is what makes it simple, it makes an RDBMS 


Possible, 


WHAT all data is 10 be retrieved or inserted or modified or deleted, 


rform the entire operation. 


base’s structure (ii) Changing security 
n databases or tables (iv) Querying 


SQL, being non-procedural, describes 
rather than specifying code describing HOW to pe 


S 

= enables the following : (i) Creating/modifying a data 

dat ngs for system (iii) Permitting users for working © 
Bai Inserting/Modifying/Deleting the database contents. 

a chapter is dedicated to making simple queries. But before that let us talk 


1 š 
Mportant elements of SQL. 


about some 
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SOME MYSQL SQL ELEMENTS 


The MySQL implementation of SQL has certain elements that play an important 
defining/querying a database. In this section, we shall talk about some basic e vale j 
MySQL SQL that you must be aware of. 
These basic elements are : 

(i) Literals (ii) Datatypes (iii) Nulls (iv) Comments 


12.2.1 Literals 


Literals, in general, refer to a fixed data value. This fixed data value may be of character fy 
numeric literal. For example, ‘Synthia’, ‘Ekagra’, ‘Raunak Raj Singh’, ‘8’ and ‘305’ are all Signe 
text literals. Notice that all character literals are enclosed in single quotation marks or dig, 
quotation marks. Characters that are not enclosed in quotation i 
marks refer to the schema object names e.g., value refers to a noren n 


schema object whereas ‘value’ refers to a character literal. 


lements ( 


A numeric literal can store ; 

To store an apostrophe in a text literal, you should use \' maximum of 53 digits og 
< “Bt 

(backslash followed by apostrophe e.g., to store Kush’s in a text precision 

literal, you should write it as ‘Kush\'s’). 


Numbers that are not enclosed in quotation marks are numeric 
literals e.g., 22, 18, 1997, 2003 are all numeric literals, Sy: aa 
Numeric literals can either be integer literals ie, without any A text literal can have 


decimal or be real literals i.e., with a decimal point eg., 17 isan — esiturn length of 4000 bytes 
‘ , Pes a . in MySQL S$ } 
integer literal but 17.0 and 17.5 are real literals. went 


12.2.2 Data Types 
Data types are means to identify the type of data and associated operations for handling it. A 
value’s datatype associates a fixed set of properties with the value. These properties cause different 
trea vent of datatypes, For example, you can add values of NUMBER datatypes, but you cannot 
add values of CHAR or VARCHAR types. Internal datatypes supported by MySQL include the 
ones given here. 


of 


MySQL uses many different data types, dis ided into three categories : 


& Numeric A Date and time, and A String types. 


Numeric Data Types 


ia j : , . ist shows the 
MySQL uses all the standard ANSI SQL numeric data types. The following, list shows 
common numeric data types and their descriptions. 


R : , s 3 : 1e js from 
INT A normal-sized integer that can be signed or unsigned. If signed, the allowable range Sb 
740 39 619 . r et 67295. 
-2147483648 to 2147483647. If unsigned, the allowable range is from 0 to 4294967" 


can specify a width of up to 11 digits, 


x 128 
TINYIN : ; , beni we is from -1# 
TINYINT A very small integer that can be signed or unsigned. If signed, the allowable range 15 pati 
a ee : « mardi « = é a F 2 igts- 
to 127, If unsigned, the allowable range is from 0 to 255, You can specify a width of up t 4 ly 
` 39765 to 
s y r inaa a ee -Jd 0% 
SMALLINT A small integer that can be signed or unsigned. If signed, the allowable range is trom a w5 
a e O vie ; ii; 2 : 
32767. If unsigned, the allowable range is from 0 to 65535, You can specify a w idth € 
digits. 


<4 
yan 
eel, 


P 
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„dium-sized integer that can be signed or unsiene i 
A medit 7 g signed. If signed, the 


388608 to 8388607. If unsigned, the allowable range į 
e of up to 9 digits. ge is from 0 to 1 


allowable range is from 
6777215. You ca ify 
eer ou can specify 


op integer that can be signed ig : 
A large integel the Sued or unsigned, If signed, the allowabl re j 
1922337 2036854775808 to 9223372036854775807. If unsigned, the allowable ei Pire 


18446744073709551615. You can specify a width of up to 11 digits. 


A floating-point number that cannot be unsigned. You can define the display length (M) and the 
number of decimals (D). This is not required and will default to 10,2, whee is S number 


f decimals and 10 is the total number of digits (including decimal cj isi 
aa oA places for a FLOAT. g decimals). Decimal precision can 


A double precision floating-point number that cannot be unsigned. You can define the display 
length Gv amid the — of decimals (D). This is not required and will default to 16,4, 
where 4 is the number of decimals. Decimal precision can go to 53 places for a DOUBLE. 
REAL is a synonym for DOUBLE. 


Anu npacked floating-point number that cannot be unsigned. In unpacked decimals, each decimal 
corresponds to one byte. Defining the display length (M) and the number of decimals (D) is 
required. NUMERIC is a synonym for DECIMAL. 


pate and Time Types 
The MySQL date and time datatypes are : 


DATE 


DATETIME 


TIMESTAMP 


A date in YYYY-MM-DD format, between 1000-01-01 and 9999-12-31. For example, December 
30th, 1973 would be stored as 1973-12-30. 

A date and time combination in YYYY-MM-DD HH:MM:SS format, between 1000-01-01 00:00:00 
and 9999-12-31 23:59:59. For example, 3:30 in the afternoon on December 30th, 1973 would be 
stored as 1973-12-30 15:30:00. 

A timestamp between midnight, January 1, 1970 and sometime in 2038. This looks like the previous 
DATETIME format, only without the hyphens between numbers; 3:30 in the afternoon on 
December 30th, 1973 would be stored as 19731230153000 (YYYYMMDDHHMMSS). 


Stores the time in HH:MM:SS format. 


Stores a vear in 2-digit or 4-digit format. If the length is specified as 2 (for example YEAR(2)), YEAR 
can be 1970 to 2069 (70 to 69). If the length is specified as 4, YEAR can be 1901 to 2155, The default 
length is 4. 


Sring/Text Types 


lost data that you use in a database is in string format. This list describ 


es the common string 


datatypes in MySQL. 


SRARIN) 
IM) 


A fixed-length string between 1 and 255 characters in length (for example CHAR(5)), 
right-padded with spaces to the specified length when stored. Defining a length is not 
required, but the default is 1. 

A variable-length string between 1 and 255 characters in length; for example VARCHAR(25). 
You must define a length when creating a VARCHAR field. 

srs. BLOBs are “Binary Large Objects” and 


A field with a maximum length of 65535 characte ane 
a, such as images or other types of files. 


are used to store large amounts of binary dat gi ad 
Fields defined as TEXT also hold large amounts of data; the difference between the two is 
that sorts and comparisons on stored data are case sensitive on BLOBs and are not case 
sensitive in TEXT fields. You do not specify a length with BLOB or TEXT. 


co RAN ORES T Baca re o : 
tee g 
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r ieee vith a maximum length of 255 characte “a 

TINYBLOB or A BLOB or TEXT column wi A : “ers. You q 

TINYTEXT length with TINYBLOB or TINYTENT. mins “Pecify 
a 
ot 4 xi length of 16777215 character 

MEDIUMBLOB or A BLOB or TEXT column with a maximum (HST @ caracters, Y 

mEDJmTET a length with MEDIUMBLOB or MEDIUMTEXT. biti Specify 


A BLOB or TEXT column with a maximum length of 4294967295 ch 


ONGB a 
nn a length with LONGBLOB or LONGTEXT. aracters, You go 
ot 


LONGTEXT specify 
ENUM An enumeration is a fancy term for list. When defining an ENUM, you are eak 
items from which the value must be selected (or it can be NULL). For an list s 


wanted your field to contain “A” or “B” or “C”, you would define your Ẹ rity 
(‘A‘, ‘B’, ‘C’) and only those values (or NULL) could ever populate Hane as Eyed 


Difference between Char and Varchar Datatypes 
In order to understand the difference between CHAR and VARCHAR datatypes, one 
clear about fixed length and variable length fields. Must be 
A field is a data element which can store one type of information which is composed v 
characters. Number of characters that a field can store, is called field length or field width io of 
character requires one byte for its storage, number of characters inside a field determine its a 
width in bytes (as those many bytes the field requires for its storage). eld 


There can be fixed length fields as well as variable length fields. 

Fixed length fields have fixed lengths i.e., they occupy fixed number of bytes for every data 
element they store. These number of bytes are determined by maximum number of characters 
the field can store. Not necessarily, all data elements inside a field are of same length, but the 
field length is determined by determining, the maximum possible characters in a data element. 
in fixed length fields, some space is always wasted as all data elements do not use all the space 
reserved but processing is much simpler in case of fixed length fields. 

Variable length fields have varied field lengths i.e., field length is determined separately for 
every data element inside the field. The number of characters in the data element become its 
field length. Let us consider a field “Student Name” is having data elements “SUNILA RAJ” and 
“SHALU HARBANS”. For the first data element “SUNILA RAJ” field length is 10 bytes (1 byte 
for space also, as it is also a character) anc for “SHALU HARBANS” it is 13 bytes. In variable 
length fields, there is no wastage of space, but processing is complex in case of variable length 
fields. 


The difference between CHAR and VARCHAR is that of fixed length and variable length. Te 
CHAR datatype specifies a fixed length character string. When a column is given gasy z 
CHAR(n), then MySQL ensures that all values stored in that column have this length ae 
bytes. If a value is shorter than this length n then blanks are added, but the size of value rema 
n bytes. 

VARCHAR, on the other hand, specifies a variable length string. When 
datatype as VARCHAR(n), then the maximum size a value in this column can h > adde 
Each value that is stored in this column stores exactly as you specify it i.e., nO blanks pA 

if the length is shorter than maximum length 7. However, if you exceed the maximum : | 


then an error message is displayed. 


sc given 
a column 35 gee 
aveis”! bytes 


ee 


| 
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12.2.3 Null Values : i | 


[fa column in a row has no value, then column is said to be mull, or to contain a null. Nulls can 
ear in columns of any data type provided they are not restricted by NOT NULL or 
PRIMARY KEY integrity constraints’. You should use a null value when the actual value is not 
known or when a value would not be meaningful. i l 


| One thing that you should make sure is, not to use null to HOTE Wei | 


represent a value of zero, because they are not equivalent. Any f ; 
arithmetic expression containing a null always evaluates to Any Senate erpression Lap 
null. For example, null added to 10 is null. In fact, all operators a — Sp 
(except concatenation) return null when given a null operand. = 


19.2.4 Comments 
A comment is a text that is not executed ; it is only for documentation purpose. A comment 
generally describes the statement’s purpose within an application. 
A comment can appear between any keywords, parameters or punctuation marks in a Hi 
statement. You can include a comment in a statement using either of these means : 
© Begin the comment with /*. Proceed with the text of the comment. This text can span 
multiple lines. End the comment with */. The opening and terminating characters need 
not be separated from the text by a space or a line break. lites 
& Begin the comment with ~=- (followed by a space). Proceed with the text of the Comment. ita 
This text cannot extend to a new line. End the comment with a line break. Mi | 
& Begin the comment with #. Proceed with the text of the comment. This text cannot extend to i 
a new line. End the comment with a line break. 


A SQL statement can contain multiple comments of both styles. The text of a comment can 
contain any printable characters in your database character set. For example, 


SELECT ename, sal, job, loc 
/* Select all employees whose compensation is 
freater than 380. */ 
FROM empl, dept 
WHERE emp1.deptno = dept.deptno joining two tables 
AND sal > 308 ; -- this condition is testing whether salary is more than 388 or not. 


12.3 SOL COMMAND SYNTAX 


The SQL provides a predefined set of commands that help us work on relational databases. But 

before discussing them, we must be familiar with the conventions and terminology used in SQL jii 
commands. 

Keywords are words that have a special meaning in SQL. They are understood to be 
instructions. Here, the SQL keywords have been printed in capital letters. Commands, or 
statements, are instructions given by you to a SQL database. Commands consist of one or more 
logically distinct parts called clauses. Clauses begin with a keyword for which they are 
generally named, and consist of keywords and arguments. Examples of clauses are “FROM sales” 
and “WHERE value = 1500.00", Arguments complete or modify the meaning of a clause. In 
the above examples, ‘sales’ is the argument, and FROM is the keyword of FROM clause. 


i A constraint is a condition applicable on column(s) of a table. You'll learn about constraints later. ili 


dà 
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F ~ XII 
Likewise ‘value = 1500.00’ is the argument of the WHERE clause. Objects are s 


: á ‘ truc 

database that are given names and stored in memory. They include base tables, views a IN the 
£ . 7 , and ; i 

Now that we are about to start SQL commands, following table (Table 12.1) sum mdereg 


symbols used in syntax statements : arizes the 


Tabie 12.1 Symbols Used in Syntax Statements 


emeena 
Meaning 


This is a symbolic way of saying “or”. That is, whateve 
be replaced by whatever follows it. 


r precedes this symbol may e . 
ally 


Everything enclosed in it, is treated as a unit for the purposes of evaluating |. 
This means, everything enclosed in it is optional. 


This means whatever precedes it may be repeated any number of times. 


Whatever precedes this, may be repeated any number of times with the individual occu 
separated by commas. Fences 


SQL and other special terms are in an le brackets. 


A statement in MySQL SQL is completed with a semicolon(;) ie., 


at the e 
Statement, you have to give a semicolon(;). Also, you can write SOL st 


whether lower-case or upper-case, as the commands in SQL 


are not case-sensitive. However the text literals or character Re ns 


literals that you specify in quotation marks are case-sensitive. Commands in SQL are not 
case-sensitive, 


nd of the SQL 


atement in any case 
, 


12.4 SAMPLE DATABASE 


In the coming sections, you'll be learning about how 
database. But before you start using commands, one more thing you need to do and that is 
to load a sample database. For this purpose, we downloaded menagerie example database from the 
MySQL site (dev/mysql/com/doc/) and loaded it on our MySQL server as per given instructions, 
(Create a folder namely SampleDB on hard disk of your machine. Say its path is D:\SampleDB. 
You can create this folder on any other drive too. If you intend to do so, Simply use that path in 
place of the “D:\SampleDB” in the coming lines.) 

1. To load this database, first you need to 

SampleDB that you created earlier. 


2. Now, create a textfile “mena.sql” 
following text in it : 


to use SQL commands on a MySQL 


uncompress the menagerie.zip file in the folder 


for editing (notice, it must have .sql extension). Enter 


Drop database if exists menagerie ; 
CREATE DATABASE menagerie ; 

USE menagerie ; 

SOURCE D; /SampleDB/c r_pet_tbl.sql 
LOAD DATA LOCAL INFILE 'p; /say leDB/pet.txt' INTO TABLE pet ; 
SOURCE D:/SampleDB/ins_puff_rec -sql 

SOURCE D; /SampleDB/cr_event_tb1, sql 


. i h 
Replace path D:/SampleDB with the a 
of the folder where you downloaded aut 
uncompressed file menagerie.zIp- 


LOAD DATA LOCAL INFILE ‘p: /SampleDB/event.txt' INTO TABLE event ; 


2. An index is an ordered list of sin 
values. 


e 
ining thos 
gle or grouped column Values that stores the disk locations of the rows contal 


“a 
a ai 
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go! E — | 
Tyee Documentation Interne Brplo tr prose by ERANA 
i | : pap idermpal comido 
D : yie Fayontes Tecls Help 
. tation 


pe 


= = ppa 2 MySQL ocumen 
Bi > ET 
To use: DOY 


example Databases 


pasa Paste a 
lala 


l downlosd example database 


hp > D + ap vy) Pages Gh tosis” 


Ts a eae " 
ynload, uncompress, then load into MySQL with this command: mysql mysgl < file nace 
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Download HTML Setup PDF Setup i 
DB Guide Guide ih tat 
employee data (large dataset, includes data and lestvenfication suite) Launchpad Vern USL As i 
worid database {all versions, used in MySQL certifications and training) Gap [Zip View US Lir[Ad 
sakla database (requires MySQL 5 0 or later) 1GZ|2p Download i 
menagene database (al versions) Ea ih Tee eea ; i 
ea ee a oe i 
sie i | 
3. Replace D:/SampleDB/ with the path of your folder you created earlier, if the path of Ht 
that folder is different from D:/SampleDB. (Make sure to use front slash (/) in place of i | 
backslash (\) in paths and pathnames.) 1 8 | 
4, Save the file. i li | | 
5. Now start MySQL. In front of MySQL prompt, type : jil | 
mysql> SOURCE D: /SAMPLEDB/MENA. SQL p 


a 


. It will create the example database “menagerie” for you. (See fig below) 


ushee 


onitor. Command: end with ; or \g. 
pe <2 
b. 1. d3-community MySGL Community Server (GPL) 


Type "\c’ to clear the buffer. 


jiype ‘help 


\h' for help: 


N 
faysal SOURCE M: /5AMeLEDO/MENA, SQL 
[nuery OK, 2 rows aftected {0.00 sec) 


[Query OF, 1 row affected (0,00 sec) 


ase changed 
[uery OK, O rows affected, 1 warning (0.00 sec) 


ł 
Muery OK, N rows atfected (6.00 sec) $ Í 
E rows affected (0.00 sec) | 
et O Skipped: O warnings: O | 
Muery OK, 1 riw affected (0.00 sec) j | | 
z | 
Nunuy On, V ross affected, | warning (0.00 sec) 
[ery OK, O row. affected (0.03 cee) | 
| 
| 
{warnings (0.01 tec) | 
ei 0 warnings: 2 
nai | | 
U = = aT als} 
= c —— TE e e et 


7. Now type Show tables; in front of mysql> 
mysql> show tables; 


lt Wea o m 
ill sisplay the list of tables in your newly created database menagerie. 


| Tab) i 
tables j P i 
ta — "Menagerie | 
| see E + 
Aver i 
| 5 
Pet i 
oe | $ 
D oau ieee + 
rows 
+n set (0.00 sec) 
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The two tables of me 


[able 12.2 Event Table of Database Menagerie 
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i n below : 
nagerie database are as show 


a remark 
| name date type 3 kittens, 3 female, 1 male 
Fluffy 1995-05-15 litter s puppies? female, 3 male 
ae peia a 3 Pie 3 female 
ffy -06- litter ichtened 
Buffy 1994-06 a S needed beak straigh 
Ry AG Q Sip E 12 ; 
| Wo i a J3 vet broken rib 
Slin -08-03 
NULL 
Bowser 1991-10-12 kennel mane 
Fang 1991-10-12 ove ave him a new chew toy 
Fane 1998-08-28 birthday oe ae ate 
Cl 3 1998-03-17 birthday Gave him a n 
IWS -03- y ; 
$ irs rthday 
| Whistler 1998-12-09 birthday First bir 
Table 12.3 Pet Table of Database Menagerie : ar 
— = irth ea 
name owner _ species sex o. a Sine 
; 2 : 3-02-02 
| Fluffy Harold cat r 
| Claw Gwen cat m seep =o 
Buffy Harold dog f ER : 
Ba Beri doe m 1990-08-27 NULL 
a a i te m 1979-08-31 | 1995-07-29 
Bowser Jiane dog 
E: 'hirpy Gwen bird f 1998-09-11 NULL 
er een bird NULL | 1997-12-09 | NULL 
Slim Benny snake m 1996-04-29 NULL 
| Puffball Diane hamster f 1999-03-30 NULL 


A database once created, is ready for further 
processing. You must not create database 
every time you log on to MySQL. Just create 
it for the very first time. You'll need to do it 
for your home machines only. In your school 
labs, your teachers keep every thing re 
for you. Jus 


ady 
t give it a thought, how much 
extra work they do to make your le 


arning 
effective anc 


l fruitful. Don’t you think, they 
deserve heartfelt thanks for that ? 
12.5 MAKING SIMPLE QUERIES 
To fully use the power of an RDBMS, you r 
communicating with it is m 


data in desired format. This thin 


are going to describe the usage 


3. Query in context of SQLisa 
data in RDBMS, 


. a 


need t 
aking queries}. That i 


g can be achieye 
of SQL SELECT 


misnomer, A query statement in SQL 


| 
Although there are three other example databases 
down- loadable from MySQL’s site but we have zeroed 
upon this database for the following reasons : 


*% Itis the simplest and smallest, 
© Itis ideal for beginners, 


* Other databases Store thousands of records 
and consume a lot of disk space, which is a 
useless thing atthe beginning stage of learning. 


o communicate w 
S, 


d thr 


) ith it. A 
asking the RDBM 
ough SELECT co 
comm 


powerful way of 
S to show your desired 


mmand. Coming sections 
and to make simple queries. 


zg CC 
for © 
niom 
tgble | 
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ssing Database 

ou start a SOE queries upon the data in tables of a database, you 
for use. For this, after logging into MySQL, you need to issue a command : 


need to open the 


pefore Y 
database 
Use <databasename> ; 


For example, we want to work on our sample database namely menagerie, 
following command after logging in MySQL. 
mysql> USE menagerie ; 
Database changed 


so we shall write the 


mysql> : 
Once the database menagerie is opened for use, you can start issuing the commands that you'll 


be learning in a short while from now. 


2 The SELECT Command 
The SELECT command of SQL lets you make queri 
that is given to produce certain specified information from the database table(s). There are 


us ways and combinations, a SELECT statement can be used into. It can be used to retrieve 
ables. In its simplest form, SELECT statement is 


es on the database. A query is a command 


varjo 
a subset of rows or columns from one or more t 


used as given below : 
SELECT <column name> [, <column name>, ... ] 
FROM <table name> ; j 


Selecting columns nea o i 
For example, if you want to view only the en PAG R. CEE 
information of two columns name and owner of | Fluffy | Harold | 
table pet, you may write your query as | Claws | Gwen | 
| Buffy | Harold | 
mysql> SELECT name, owner | Fang | Benny | 
= FROM pet ; | Bowser | Diane | 
| Chirpy | Gwen | 
Then MySQL will produce the adjacent result | Whistler | Gwen | 
which is based on the Pet table of Menagerie Seta | Benny | 
database, shown in Table 12.2 l puttbani 1 Blane l 
+----------- +----------- + 


9 rows in set (0.00 sec) 


===- AT E E T ee E ee ae 
name l owner species | If tt he i i 
EEEN i j you want to see the information of columns 
a aes See fee ae ee > 
name, owner, and species from t 
Fluffy | Harold cat | will HS á } 2 tae pet, JOu 
a | Gwen cat | - 
uffy H 
ding ee aog l SELECT name, owner, species 
7 | Benny dog | 
dao | Diane dog | FROM pet ; 
TEPY: | Gwen bird | 
Whi Output of above com i 
thistler ee ee i < Fi mand will be as shown on 
sere | Benny | snake | ; 
all i 
eae yay : Diane nems hes A mysql > SELECT name, owner, species 
E en Mis OE POE 
ro ; =, . 
WS in set (0.00 sec) > FROM pet ; 
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12.5.3 Selecting all Columns 
If you want to see the entire table îe., every column of a table, YOu need not piy 
of columns. The asterisk (*) can be substituted for a complete list of columns 7 COM pleto 
as Olloy 
VS: 


SELECT * FROM pet ; 
This will display all the rows present in the pet table. 


12.5.4 Reordering Columns in Query Results 
While giving a querying, the result can be obtained in any order, For example 


, if you give 
SELECT species, name, sex, FROM pet ; 
F x ‘ 2 For enn a a pe 
the result will be having species as first ; ME i ie Se Pees 
ai | species | hame oO o Man 
column, name as second column, and sex as e e eee aes foe lsex 
. . adie ER A “ade eslaicccee 00 OM SISSON Taaza 
third column, will be displayed as shown | cat | Fluffy a ES 
below. You can write the column names in | cat i Claws he 
any order and the output will be having i ‘dog | Buffy T 
P š 5 | do a 
information in exactly the same order. > | Pang | om 
. | dog | Bowser loom 
‘ bi irp, 
mysql> SELECT species, name, sex l i ‘ D | Chirpy lf 
ir | Whistler | NULL 
-> FROM pet ; Er l EEEn Pa 
l l i 
i 
) 


. hamster Puffball 
+----------- t=- 
The order of selection deter- pee in set (0:02 ege 
mines the order of display. 


12.5.5 Eliminating Redundant Data (with keyword DISTINCT) 
By default, data is selected from all the rows of the table, even if the data appearing in the resi 
gets duplicated. The DISTINCT keyword eliminates duplicate rows from the results of 
SELECT statement. For example, if the Suppliers table stores the names and cities of the suppli 
and we want to see the cities where the Suppliers belong to. The table may consist of more th 
one supplier belonging to the same city but the result of the query should not conte 
duplicated city names. i 


To do so, we shall write Fre IEn SREE F 
ity | 
SELECT DISTINCT city oe ici 
; +-----------+ gge se duplicate e 
FROM Suppliers ; Delhi Delhi has not 
reap) eared. 


| 

In the output, there would be no duplicate rows. | 

Whenever DISTINCT is used, only one NULL value b eae 
is returned in the results, no matter how many NULL l maneg 

values are encountered. EE 
If we consider Suppliers table of chapter 15, shown in Fig. 15.1, then the above query will pro 
the output in the right. TINC 
DISTINCT, in effect, applies to the entire output row, not a specific field. The ie malp 
keyword can be specified only once in a given SELECT clause. If the clause ne in whit 
fields, DISTINCT eliminates rows where all of the selected fields are identical. Row® 
some values are the same and some different will be retained. 


This is the propery 
DISTINCT. 


| 
Mumbai | 
| 
| 


tT 
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chaple 
g. YY . i as oi bere HIS + 
(AMPLE 12.1 Display distinct species of pets from table pet. Pee ae | 
Solution. a - a ee! ; 
mysql> SELECT DISTINCT(species) FROM pet ; Tecs i i 
| bird | i 
| snake | i 
| hamster | 
ing from all the Rows — ALL Keyword fRecw esas 3 
12.5.6 aar r 5 rows in set (0.03 sec) 


If in place of DISTINCT, you give ALL then the result 
retains the duplicate output rows. It is just the same as 
when you specify neither DISTINCT nor ALL ; ALL is 
essentially a clarifier rather than a functional argument. 


Thus if you give i 


P EPEE + He 
SELECT ALL city FROM suppliers ; | City l ali 
ig SS Se ae + lifi 
it will give values of city column from every row of the | Berni l it i 
table without considering the duplicate entries. ae : 
. iS 1 
Considering the same table Suppliers, now the output ( Maxolor® 4 | 
will be as shown here. possent S M ii 
+----------- + 
EXAMPLE 12.2 Display species of all pets from table pet. | species l 
* +----------- + 
Solution. T aak i 
mysql> SELECT ALL species FROM pet ; | cat \ 
| dog | 
| dog | 
| dog | 
| bird | iH 
| bird l tH 
| snake | RA 
12.5.7 Viewing Structure of Table ‘erates | ih 


You have learnt just back that Use <databasename> ; 9 rows in set (0.00 sec) 
opens a database for use. To view the tables in a 

database, you may write following command after 

Opening the database. 


SHOW TABLES 
oo : P +----------------------- + 
That is , if you give following set of statements, the | Taies inomensgerie | Hal 
output will be as shown here : See ee ee 4 i 
| event | Fea} 
mysql> USE menagerie | pet | 


Database changed 
mysql> SHOW TABLES ; 


2 rows in set (0.01 sec) 


If you want to know the structure of a table, you can use Describe or Desc command as per 
following syntax : 


DESCRIBE | DESC <table name> ; 


COMP 


For instance, the commands : DESCRISE pet; or DESC pet ; will display the 


mysql> DESC pet ; 


a a eae Se ee ne 
Field 1 Type 1 Null | Key | Default | 
a Pe cdl ok eS eo as i 
| name i varehar¢20) | YES 1 | NULL 
{ owner 1 varchar (20) YES i | NULL | 
| species | varchar(20) | YES | 1 NULL | 
| sex ) čar (1) YES | | NULL | 
\ birth | date t YES \ | NULL i 
| death l date YES | | NULL \ 
treme ree eee ee ee ee t----- ee +----- | eile E T ES 4+: 
6 rows in set (0.01 sec) 


D 


si VOW 10 TE 


Horm Simple Calculations ? 


Often a simple calculation needs to be done, for example, 4 * 3. The 
output to be written to monitor is SELECT. For instance, when a calcul 
as 3* 4or8* 3etc., there really is no table being referenced, only 


For this you can use SELECT statement to retrieve rows computed w 


table. For example, consider the following query 


mysql > SELECT 1+6; 


sult of expression given with SELEC1 


MySQL also provides a dummy 
DBMSs. Dual table is a small w 
for obtaining calculation results and also system-date. 
The following query: g 


SELECT 4 * 3FROM dual ; 


will produce the result as : 


The current date can be obtained, u 


sing function curdate(), as 
shown below : 


mysql> SELECT curdate( ) ; 


urrent date of the system 


numeric liter 


that computes the expr 
the result. Notice that no table or FROM clause is used in the follow 


UTER SCIENCE WITH pyg 


ation is to be Perfo 


ession 1+6 and 
ing query. 


only SQL verb to cau 


TMed 5 
als are being as 


ithout reference to; 


outp 


table called Dual to provide compatibility with SQL of ot 
orktable, which has just one row and one column. It can be u 


To perform calculations, 
may either write meee 
SELECT or use table 


is a 
FROM clause), which Ss i 
row, one column dum 


provided by MySQl- 


p o 
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759 scalar Expressions with Selected Fields 

127 l 

If you want to perform simple numeric computations on the data to put it in a form more 
appropriate to your needs, SQL allows you to place scalar expressions and constants among the 
selected fields. For example, you might consider it desirable to present your salespeople’s 
commissions as percentage rather than decimal numbers. You may do it as : 


SELECT salesman_name, comms 100 Ajay 13.00 
FROM salesman ; Amit 11.00 
Shally 07.00 
Isha 15.66 


The output will be somewhat like : 


Please note that if a value in the expression is Null then result of the expression will be Null only. 


The operators that you can use in arithmetic expressions are plus (+), minus (-), divide (/), multiply i 
(*) and modulo (%) (for remainder). i 


12.5.10 Using Column Aliases 


The columns that you select in a query can be given a different name i.e., column alias name for 
output purposes. For instance, if you want to extract information (date and type) from Event Wo] 
table and want the name of Type column should appear as Event Type, then you should give 
query as follows : 


“u | date | Event Type \ i} 
SELECT date, type As “Event Type A es a tec Rei IRS ex i via 
FROM Event ; | 1995-05-15 | litter Het 

| 1993-06-23 | litter | H 
The output produced by above query will be : | 1994-06-19 | litter | i 
| 1999-03-21 | vet 1 i 
mysql> SELECT date, type AS “Event Type” | 1997-08-03 i vet | ae 
-> FROM event ; | 2991-10-12 | kennel | 
i | 1991-10-12 | kennel 1 
| 1998-08-28 | birt l 
| 1998-03-17 i | 
| 1998-12-09 l | 
Notice that the column Comm has been given (a SS E E R 
column alias name Commission. This has been 2 mews un er (909 ser 


done as per following syntax : 


Select <columnname> AS [columalias] [, écolumnname> AS [columnelias i} 


From <tablename> ; 


If you want to provide alias to an expression, you may do it as given below : 


mysql> SELECT 22/7 as PI ; 


The column alias name having 
more than one word, should be 
enclosed in quotation marks. 


L row in set (0,03 sec) 
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See the expression 22/7 has been 
given alias as PI. When the alias 
name contains more than one 
word, you have to enclose them 
in quotes as we did in previous 
query where we enclosed the 
column alias Event Type in 
quotes as “Event Type”. 


EXAMPLE 12.3. Given a table student as 
shown here. Write a query to display name, 
sex and aggregate/5. Label this computation 
as percentage. 


Solution. 


Abu Bakar 
Aanya 
Gurvinder 
Ali 
Michelle 
Zubin 
Simran 
Fatimah 
Anup 
Mita 


—— St, 
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Table : Student 


mysql> SELECT name, sex, aggregate/5 AS Percentage 


-> FROM student ; 


tce... -v .-- toe nee + 
| name | sex | Percentage 
+---------- te---------- t---------- ee + 
| Abu Bakar | M | 91.2000 | 
| Aanya | F | 68.0000 | 
! Gurvinder | F | 96.0000 | 
| Ali IM | 52.0000 
| Michelle | F | 64.2000 | 
| Zubin IM I 82.4000 | 
| Simran | F ! 75.6000 l 
| Fatimah | F | 80.0000 | 
| Anup IM ! 60.4000 ! 
| Mita | F | 30.0000 | 
trom ----- to --------e ten------ + 
10 rows in set (0.00 sec) 


12.5.11 Handling Nulls 


As already mentioned, the empty 
column having null values, only 


query as: 


SELECT name, birth, death 
FROM pet ; 


M 
F 
F 
M 
F 
M 
F 
F 
M 
F 


9531185 
9531186 
9531187 
9531188 
9531188 
9531184 
9531183 
9531182 
9531181 
9531180 


~X 


values are represented as Nulls in a table. When you list a 


non-null values are displayed. For instance, if you write a 


It will produce the result as shown below : 


| 
l 
| 
| 
mysql> SELECT name, birth, death FROM pet; 
l 
! 
| 


Chirpy 
Whistler 
Slim 
Puffball 


rows in set 


swenssnamweeanase + 
1993-02-04 | 
1994-03-17 | 
1989-05-13 | 
1990-08-27 | 
1979-08-31 | 
1998-09-11 | 
1997-12-09 | 
1996-04-29 | 
1999-03-30 | 


(0.00 sec) 


--¢+ 


— 
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See the null values appear as NULL. If you want to substitute null with a value in the output, 
you can use IFNULL() function. IFNULL( ) function may be used as per following syntax : 
SYNTAX 


IFNULL (<columnname>, value-to-be-substituted) 
That is, if you want to substitute value alive for null in death, the query should look like : 


SELECT name, birth, IFNULL (death, “alive”) 
FROM pet ; 
And the output will be like : 


mysql> SELECT name, birth, IFNULL(death, "Alive") FROM pet; 


+------------ +------------+ +---------------- +--+ + 

| name | birth | IFNULL(death,"Alive") l 

+------------ +------------ +------------------- +--+ + 

| Fluffy ! 1993-02-04 | Alive | 

| Claws | 1994-03-17 | Alive | 

| Buffy | 1989-05-13 | Alive i 

| Fang | 1990-08-27 | Alive | 

| Bowser | 1979-08-31 | 1995-07-29 l i 

| Chirpy | 1998-09-11 | Alive | Hh 
| Whistler | 1997-12-09 | Alive ie) | 
| Slim | 1996-04-29 | Alive | Ha 
| Puffball | 1999-03-30 | Alive l Ht 
+e ree eee a a bare ee ee ee re ee ee ee ee eee + | 


9 rows in set (0.03 sec) 


You may also use column alias to replace output heading. This can be done as follows : 
mysql> SELECT name, birth, IFNULL(death, "Alive") AS "Died On" at 
FROM pet ; s Wii 


Now the output produced will be : 


t$—---------+-- $----------- + +o ---------- i 
| birth | Died On Ay Hi 
t=-=---------- bem == eae + i, 
| 1993-02-04 | Alive | Hii 
| 1994-03-17 | Alive | Hat 
| 1989-05-13 | Alive | 
| 1990-06-27 | Alive | [Seis if! 

se | 1979-08-31 | 1995-07-29 | dp 
nirp | 1998-09-11 | Alive l The value being substituted for i 
Whistler | 1997-12-09 | Alive | Null values through IFNULL( ), j 
Slim | 1996-04-29 | Alive l should be of the same type as ih i) 

| Puffball | 1999-03-30 | Alive | that of theccolumn: iil! 

ed tonne toe ee + , H 

9 rows in set (0.00 sec) fii 


Some other examples of IFNULL({ ) are : 
IFNULL (Due_date, '2019-07-03') 
IFNULL (Project alloted, 'Not-Alloted-so-far') ; 
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12.5.12 Putting Text in the Query Output 
The previous example can be refined by marking the commissions as Percentay 
percent sign (%). This enables you to put such items as symbols and comments in the, With the 
x : Ou 
in the following example : tout, K: 
SELECT salesman_name, comm * 100, '%' lieteietate eee Pownce 
FROM salesman ; | SALESMAN _NAME | CONMEIg9 Tss 
Rist SS Sis SS Sates oie 
eae | 
| Ajay | 13.00 On mig 
A sample output produced by above | Amit ee E 
query is shown here. | Shally | 07.00 Á | 
j | Isha ‘ 
See, the same comment or symbol gets eS eT ae i 15.00 i | 


printed with every row of the output, not =) ene best a. 
simply once for the table. 


You could insert text in your query also, making it more presentable. For example 
SELECT salesman_name, 'gets the commission', comm*100, '%' 


FROM salesman ; 


The sample output produced by above query is shown below : 


Fern Former ee nen eee ek te--------- t----- + 
l SALESMAN_NAME | gets the commission | COMM*100 | % | 
Pron ana ne se ewe ek is a ee Se See ten ce samme +---------- +----- + 
! Ajay | gets the commission | 13.00 | $ | 
| Amit | gets the commission | 11.00 LS | 
| Shally |! gets the commission | 07.00 | $ I 
| Isha | gets the commission | 15.00 | $ | 
i la ee Powe ome See see t---------- +----- + 


EXAMPLE 12.4. Create a query that produces display in following format : 
<studentname> obtained <aggregate> marks and has <aggregate/5> %. 
Consider table Student of example 12.3 for this. 
Solution. 


mysql> SELECT name , "obtained", aggregate, “marks and has", aggregate/5, "%" 
-> FROM student ; 


tomer ee Pine ge <— = pees. a Mee oe oe eee, ST gent 
| name | obtained | eggregate | marks and has | aggregate/5 | & | 
+---------- 5 Basan o Sees = | a a noe eeepc eee e p---e 
| Abu Bakar| obtained | 456 | marks and has | 91.2000 i | 
| Ranya | obtained | 349 | marks and has | 68.0000 i% 4 
| Gurvinder| obtained | 480 | marks and has | 96.0000 he y 
| alg | obtained | 260 | marks and has | 52.0000 1 € 
| Michelle | obtained i 821 | marks and has | 64.2000 pE 
| Zubin | obtained | 412 | marks and has | 82.4000 El 
| Simran jį obtained | 379 | marks and has | 75.6000 Lèl 
l Fatimah | obtained | 400 | marks and has | 80.0000 k3 ; 
| Anup | obtained | 302 | marks and has | 60.4000 fs 

| Mite | obtained | 159 | marks and has | 30.0000 ut } 
+---------- te----- ek eee eccl sl oe penae 
1 


0 rows in set (0.00 sec) 


p— 
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2.5.13 Selecting Specific Rows — WHERE clause 
In real life, tables can contain unlimited rows. There is no need to view all the rows when only 
hich rows are selected 


certain rows are needed. SQL enables you to define criteria to determine w 
for output. The WHERE clause in SELECT statement specifies the criteria for selection of rows 


to be returned. The SELECT statement with WHERE clause takes the following, general form : 


SELECT <coLumn name> [, <column name>, .. . J 


FROM <table name> 
WHERE <condition> ; 


when a WHERE clause is present, the database program goes through the entire table one row 
ata time and examines each row to determine if the given condition is true. If itis true fora row, 
that row is displayed in the output. For example, to display the name and aggregate for students 
having their aggregate marks more than 350, the command would be 


mysql> SELECT name, aggregate Sa aes ee a AET j 
tudent | name | aggregate | 
-> FROM studen eager ea as Re A 

-> WHERE aggregate > 350 ; Abu Bakar 456 


aggregate > 550 have 
appeared in the output. paaa ee ee 


| ! ! 

| Gurvinder | 480 | i 

The above query will produce adjacent output : i gabin | 412 i Hi 
Only the records having | Simran | 378 | i 
| Fatimah | 400 l i! 


EXAMPLE 12.5. Write a query to display name, age and marks 
(aggregate) of students whose age is greater than or equal to 16 
from table student. 


Solution. mysql> SELECT name, age, aggregate FROM student 
-> WHERE age >= 16 ; 


+----------- +----------- +----------- + 
| name | age | aggregate | 
+e --- $----------- +----------- + 
| Aanya | 16 | 340 | 
| Ali | 16 | 260 | 
| Mita | 16 | 150 | 
tess sce to----------- toes - a 


3 rows in set (0.02 sec) 


12.5.14 Relational Operators 
To compare two values, a relational operator is used. The result of the comparison is true or 
false. The SQL recognizes following relational operators : 
=> $ >= <5 <> (not equal to) 

In CHARACTER data type comparisons, < means earlier in the alphabet and > means later in the 
alphabet. For example, e< f and g> f. Apostrophes are necessary around all CHAR, DATE and 
TIME data. For example, to list all the members not from ‘DELHI’ 

SELECT * FROM suppliers 

WHERE city < > "DELHI" ; 


A 
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12.5.15 Logical Operators l 
The logical operators OR (||), AND (&&) and NOT (!) are used to connect search Conditions j 
the WHERE clause. For example, 


x | : 
1. To list the employees’ details having | SELECT ecode, ename, grade, Bross 


grades ʻE?’ or ‘E3’ from table employee (not i FROM employee 
the EMPL table), logical operator OR will | WHERE (grade = 'E4' ANp Bross <9009) . 
be used as : _ Symbol && may also be used ag AND 
SELECT ecode, ename, grade, gross | operator. 
FROM employee | 


| 3. To list all the employees’ q 
| grades are other than ‘Gq’ 
Symbol | may also be used as OR operator | NOT will be used as : 
ie., above query may also be written as : | SELECT ecode, ename, grade, gross 

SELECT ecode, ename, grade, gross | FROM employee 

FROM employee | WHERE (NOT grade = 'G1 as 

WHERE (grade = 'E2' | | grade = TEs! )is 


WHERE (grade = 'E2' OR grade ='E3') ; Ctails Whose 


, logical Operator 


Symbol ! may also be used as NOT 
operator. 


rm 


To list all the employees’ details having | 
grades as ‘E4’ but with gross< 9000, logical | 
operator AND will be used as : | 


when all the logical operators are used together, the order of precedence is NOT (!), AND (&&), 
and OR (11). However, parentheses can be used to override the default precedence. 


EXAMPLE 12.6. Write a query to display all the details from pet table for species cat /dog having gender(sex) as 
male (‘m’) 
Solution. 
mysql> SELECT * FROM pet 
-> WHERE (species = ‘cat’ || species = 'dog') &&sex='m' ; 


3 


+ t--------- t------- 8k t-------2L lt tm-a--------- t 
| name | owner | species | sex | birth | death l 
teeccaeane t--------- $----- 5-8 e haaa raa $a esse EPE to----------- + 
| Claws | Gwen | cat lm 1 1994-03-17 | NULL | 
| Fang | Benny | dog | om | 1990-08-27 | NULL | 
| Bowser | Diane | dog Im | 1979-08-31 | 1995-07-29 | 
Tamsa tenm----- treme teens Tanssin +------------ + 


3 rows in set (0.00 ‘sec) 


12.5.16 Condition Based on a Range 


The BETWEEN Operator defines a range of v 
the condition true. The range includes both | 
list the items whose QOH falls between 30 t 
SELECT icode, descp, QOH 
FROM items 


WHERE QOH BETWEEN 39 AND 59 ; 


; ake 
alues that the column values must fall into 5 to 
ower value and the upper value. For exarnp i 
o 50 (both inclusive), the command would be : 


IA 


a Nh H TA at 


p 
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Jf the Items Table is as shown below : 


Table 12.4 Items 


Biscuit 


Namkeen 
Cream Roll 


+-----------+----------- +----------- + 

| Icode | Descp | QOH | 

paan Sees Tenet Ts = ates eer T + Only the items having QOH between 50 
| 103 | Bread | 40 | to 50 have been listed 

| 104 | Biscuit 1 50 | 

+----------- +----------- + 


The operator NOT BETWEEN is reverse of BETWEEN operator, that is, the rows not satisfying 
the BETWEEN condition are retrieved. For example, 


SELECT icode, descp 

FROM items This query will list the items whose ROL is 
low e 1000. 

WHERE ROL NOT BETWEEN 100 AND 1009 ; iiai 


EXAMPLE 12.7. Write a query to display name and aggregate marks of those students who don’t have their aggregate 
marks in the range of 380 — 425. 


+----------- +----------- + 
Solution. | name | aggregate | 
+----------- +----------- + 

mysql> SELECT name, aggregate | Abu Bakas | aoe i 

-> FROM student | Aanya | 340 | 

-> WHERE aggregate NOT BETWEEN 380 AND 425 ; | Gurvinger | 480 l 

I Ali | 260 | 

| Michelle | 321 | 

| Simran | 378 | 

12.5. a i | Anup | 302 | 
17 Condition Based on a List E i Seo 

To specify a list of values, IN operator is used. The IN n Prorat eso ea + 
Operator selects values that match any value in a given 2 aS I Ser (000 ates 


list of values. 
For example, to display a list of members from ‘DELHI’, ‘MUMBAI’, ‘CHENNAI’ or 
BANGALORE’ cities, you may give 
SELECT * FROM members 
WHERE city IN (‘DELHI', ‘MUMBAI’, 'CHENNAI', ‘BANGALORE’ ) ; 
The NOT IN operator finds rows that do not match in the list. So if you write 
SELECT * FROM members 
WHERE city NOT IN ('DELHI', 'MUMBAI', 'CHENNAI') ; 


It will list members not from the cities mentioned in the list. 


ERE 
xz = 
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EXAMPLE 12.8. Write a query to display all details of pets of species bird, snake or hamster from table pet, 
Solution. mysql> SELECT * FROM pet 
-> WHERE species IN (‘bird', ‘snake’, ‘hamster’ ); 
+--------- +--------- +-------- ies ire aae Sars SS TRS we See e ri 
| name | owner | species | sex | birth | death | 
t--------- r E +--------- Faso eae ae Se A Ss Pe eS ce 4 
| Chirpy | Gwen | bird | £ | 1998-09-11 | NULL | 
| Whistler] Gwen | bird | NULL | 1997-12-09 | NULL 
| Slim | Benny | snake Jom | 1996-04-29 | NULL | 
| Puffball| Diane | hamster | f | 1999-03-30 | NULL | 
+--------- +--------- +--------- a alta PES eee ee a ie WSSo = Sees. + 
4 rows in set (0.00 sec) 
12.5.18 Condition Based on Pattern Matches 
SQL also includes a string-matching operator, LIKE, for comparisons on character strings usin 
8 


patterns. Patterns are described using two special wildcard characters : 
® percent (%). The % character matches any substring. 
underscore ( _ ). The _ character matches any character. 


Patterns are case-sensitive, that is, upper-case characters do not match lower-case characters, or 
+ 
vice-versa. To illustrate pattern matching, consider the following examples : 


© ‘San%’ matches any string beginning with ‘San’ 
 “idge%' matches any string containing ‘idge’ as a substring, for example, ‘Ridge, 
‘Bridges’, ‘Cartridge’, ‘Ridgeway’ etc. 
 ‘---~-' matches any string of exactly 4 characters. 
 ‘- - -%' matches any string of at least 3 characters. 
The LIKE keyword is used to select rows containing columns that match a wildcard pattern. 
Examples : 


1. To list members which are in areas with pin codes starting with 13, the command is : 
SELECT firstname, lastname, city 
FROM members 
WHERE pin LIKE ‘13%’ ; 


2. To list names of pets who have names ending with ‘y, the command would be : 


SELECT name pen--------- + 
| name 

FROM emp agers A 

WHERE name LIKE ‘Zy’ ; | Fluffy | 
| Buffy l 


Consider the Table 12.2, the above query will produce 


À | Chirpy 
the adjacent output : 


3. To list members which are not in areas with pin codes starting with 13, the command is: 
SELECT firstname, lastname, cíty 
FROM members 
WHERE pin NOT LIKE '13%' ; 


c 
The keyword NOT LIKE is used to select rows that do not match the specified pattern of chara 


S. p 


ters: 


a 
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In order for patterns to include the special pattern characters (that is, %, _), SQL allows the specific 
of an escape character. The escape character is used immediately before a special pattern 
character to indicate that the special pattern character is to be treated as a normal character. We li 
define the escape character for a LIKE comparison using the ESCAPE keyword. 


To illustrate, consider the following patterns which use a backslash (\) as the escape character. 
| & LIKE ‘wx\%yz%' ESCAPE ‘\’ matches all strings beginning with ‘wx%yz’. 
' é LIKE ‘wx\\yz%' ESCAPE ‘\’ matches all string beginning with ‘wx\yz’. 


The ESCAPE clause can define any character as an escape character. The above two examples 
use backslash (’\’) as the escape character. 


EXAMPLE 12.9 Write query to display the names of pets beginning with ‘F’. Use table Pet. 
Solution. mysql> SELECT * FROM pet 
-> WHERE name LIKE "F%"; 


te-am Saas fesse terme cco t=-------- a %4 ij 
| name | owner | species | sex | birth | death | tj 
+--------- t--------- +--------- +--------- +------------ +------------ + i i 
| Fluffy | Harold | cat | £ | 1993-02-04 | NULL | Hy! 
| Fang | Benny | dog im | 1990-08-27 | NULL | it 
ferro ccccn thase. poe ee = +=- t------5--- 5 +e---eoccoccrrn + f 

i 


2 rows in set (0.00 sec) 


EXAMPLE 12.10 Write query to display the names of pets having exactly four letter names. Use table Pet. 


Solution. mysql> SELECT * FROM pet ji 
pa E contains 4 underscore symbols Hey | 
-> WHERE name LIKE " "a Wai i 
re a ee +--------- +--------- +------------ +------------ + li |! 
| name | owner | species | sex | birth | death | i| ii 
ł+--------- $=—=--S=5- +--------- te=- +-------n +------------ + ied 
| Fang | Benny | dog | om | 1990-08-27 | NULL | $ 
| Slim | Benny | snake | m | 1996-04-29 | NULL l by 
+--------- P a a F 


12.5.19 Searching for NULL 
The NULL value in a column can be searched for in a table using IS NULL in the WHERE 
clause. (Relational operators like =,< > etc. can’t be used with NULL.) For example, to list details 
of all employees whose departments contain NULL (i.e., novalue), you use the command : 
SELECT empno, empname, job 
FROM emp 
WHERE DeptNo IS NULL ; 
Non-NULL values in a table can be listed using IS NOT NULL. 


EXAMPLE 12,11 Write query to display the names of pets who are no more. 
(That is the death column stores a non-null value for them). Use table Pet. 


Solution. 


mysql> SELECT name FROM pet 
-> WHERE death IS NOT NULL; 


a N 
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12.5.20 Operator Precedence 
When an expression has multiple operators, then the evaluation of expression takes Place; 
ql order of operator precedence. The operators with higher precedence are evaluated first ii 
q bas Operator precedences of MySQL are shown in the following list, from highest Precedence t 
E; lowest. Operators that are shown together on a line have the same precedence, © the 


! 
- (unary minus), ~ (unary bit inversion) 


a *, /, DIV, %, MOD 
i Ajis 

r «> 

4 & 


| 

==, >=; >, <=, <, ©, I=, IS, LIKE, REGEXP, IN BETWEEN, CASE, WHEN, THEN, ELSE 
NOT 

&&, AND 

XOR 

|, OR 


12.5.21 Sorting Results - ORDER BY clause 

Whenever a SELECT query is executed, the resulting rows emerge in a predecided order. You 
can sort the results or a query in a specific order using ORDER BY clause. The ORDER BY clause 
allows sorting of query results by one or more columns. The sorting can be done either in 
ascending or descending order, the default order is ascending. The data in the table is not sorted ; only 
the results that appear on the screen are sorted. The ORDER BY clause is used as : 

SELECT <column name> [, <column name> pias 

FROM <table name> 

[WHERE <predicate> ] 

[ORDER BY <column name> T: 


For example, to display the list of employees in the alphabetical order of their names, you use 
the command : 

SELECT * FROM employee 

ORDER BY ename ; 


To display the list of students having aggregate 
more than 400 in the alphabetical order of their 
names, you may give the command : 


aon + 


SELECT name, aggregate FROM student ae me 
WHERE aggregate > 408 ; — : 412 


ORDER BY name ; 


Considering the same student table, the above 
query would produce the output shown here. 


— 
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To display the list of employees in the descending order of employee code, you use the 
command : 

SELECT * FROM employee 

ORDER BY ecode DESC ; 


To specify the sort order, we may specify DESC for descending order or ASC for ascending 
order. Furthermore, ordering can be performed on multiple attributes. Suppose that we wish to 
list the entire employee relation in descending order of grade. If several employees have the same 
grade, we order them in ascending order by their names. 


We express this in SQL as follows : 


SELECT * FROM employee 
ORDER BY grade DESC, ename ASC ; 


See, the multiple fields are separated by commas. In order to fulfill an ORDER BY request, SQL 
must perform a sort. Since sorting a large number of tuples may be costly, it is desirable to sort 


only when necessary. 


S 12.1 EXAMPLE 12.12 Write a query to display name, age, aggregate of 


Maxi h h b students whose aggregate is between 300 and 400. Order the query 
> w many a . . 3 n 
aet iy characters can 9e in descending order of name. 


stored in a (i) text literal (ii) numeric 


literal ? Solution. 

2, What is a datatype ? Name some mysql> SELECT name, age, aggregate 
datatypes available in MySQL. -> FROM student 
Wha fixed length fields ? What.a 

3. What are fixee length fields ? What are -> WHERE aggregate BETWEEN 300 AND 400 


variable length fields ? 


-> ORDER BY name DESC; 


4. Compare Char and Varchar datatypes. 

5. What is null value in MySQL database ? 
Can you use nulls in arithmetic 
expressions ? 

6 Which keyword eliminates the 
redundant data from a query result ? 


Nx 


Which keyword retains duplicate 

output rows in a query result ? 

&. How would you display system date as 
the result of a query ? 

9. How would you calculate 13 * 15 in SOL ? 
Gris a, 

10. Which function is used to substitute 

L values in a query result ? 


Operator concatenates two 
in a query result ? 


Which comparison operator is used for 
Comparing ? 

(i) patterns (ii) character values 
(iit) null values (iv) ranges 

(v) list of values. 
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My 
12.6 MYSQL FUNCTIONS | 
A function is a special type of pradetined command set that performs some operat 
sth in : value Functions operate on zen one. two or more values that Ate Pron i a 
returns a single value. s i 


them. The values that are provided to functions are called parameters or Arguments td ty 
Si. > : . 

The MySQL functions have been categorised into various categories, such as Sp 
€i - - e n 


AR funeri 
ppa Hranie } Nyse SCG 
Mathematiog fanctions, Date and Time Ainctiors and so on. Although MySQl Offers a bip ni; 


SaNa a ou 
of functions, vet in this discussion we shall remain limited to some common functions m 


12.6.1 Sinng Functions 
The string functions of MySQL can manipulate the text string in many wavs, Some 
used string functions are being discussed below. 
© 


e a E — 


common, 


| i. | CHAR) | Retums the character tor | 1. SLEET CHAR (70, 65, 67, 69 j; 

{ each intoger passed | 2. SELECT CHAR (65, 67.3, '69.3) ; 

į PU; = be = a t i R 
i 2 Í CONCATI) Returns concatenated | SELECT CONCAT (name, SREreRate) AS “Name Marks 
f À string | FRON student WHERE age = i4 OR age = 16 ; 

}— 4 + =- —— t Pa c ; yi a 

| 3. | LOWER) Returns the argument in SELECT LOWER( ‘MR. OBAMA’) AS ‘LowerNamey”, 

| LCASE ) lowercase | LOWER('Ms. Gandhi’) AS “LowerName2” ; 

| 4, | SUBSTRING } Retums the substring as | 1. SELECT SUBSTR(‘ABCDE FG", 3, 4) “Subs” ; i 
} | SUBSTRO specified | 2. SELECT SUBSTR (‘ABCDEFG’, -5, 4) a 
a] UPPER VUCASEI} | Converts to uppercase SELECT UPPER(‘Large’) “Uppercase” ; 

} i or SELECT UCASE( ‘Large’ ) “Uppercase” ; 

TUMIE PON - y A eee > eee 

| 6 | TRING) Removes leading and | SELECT TRIM(‘ Bar One Sa 

4 trailing spaces | ae - 

er | LENGTH, } Returns the length of a) SELECT LENSTH( “CANDIDE? ) “Length in characters” ; 


| string in bytes | 


The number functions are those functions that accept numeric values and after performing the 
required operation retum numeric values. Some useful numeric functions are being discussed below : 


Example 
SELECT MOD(11, 4) “Modulus” ; 


ry 


| Retumis the remainder of one expression 
j l a y diving by enother expression. 
12 | POWERG:POWYI } | Returns the val 


F : oat B = “Raised” ; 
ue Of one expression raised | SELECT POWER(3, 2) 
to the Power of another expression 


! 3 ee 
ATOT samen T 
; 3. | ROUND) Returns numeric expression rounded to an | SELECT ROUND(15.193, 1) 

i } | integer Can be used to round an expression 

| i. nes jtoa number of decimal points rs. 

| 4. | SIGNO i 

a a j “ e root” j 

| 5. | SORTI } | Retums the non-negative square root of | SELECT SQRT(26) “Squar f 
i ” 


ene, MUMET Expression. 
| 6: | TRUNCATE) | Retums numeric expl truncated to exp2 
| | decimal places. If exp2 ix 0, then the result 


| 
| 
This function returns sign of a given number SELECT SIGN(-15) “Sign i — 
| 
| pue 
| runcate” i 


a 
SELECT TRUWCATE(15.79, 1) 


feb Sea | will have no decimal point | — 


—— 


p 
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12.6 3 Date and Time Functions 
unctions operate on values of the DATE datatype. 


Date f 


Function “Description =| Example 


CURDATEC } / Returns the current date | SELECT CURDA? ; t 
CURRENT DATEL )/ | | 
CURRENT, DATE eee i. ONEN EEEE e E EE 
DATE) Extracts the date part of a date or | SELECT | 1570-17-41 ALG? 3 os 
date-time expression i a ae 

MONTH) Returns the month from the date SELECT © {thst 2024-5-0} 5 
passed ees a ee 

H 
YEAR ) Returns the year SELECT F? SLi a 


NOWI ) Returns the time at which the SELECT ii } 3 


function executes a eee erence 


=$ 
“6YSDATE() Fi E Retu Returns the current date and time | SELECT Nem j, SLEEPIZ), MEME) 5 


ExampLe 12.13 Write a query to create a string from the ASCII 


| 
| 
| 
| 
| 


values 70, 65, 67, 69. 


Solution. 
mysql> SELECT CHAR (78, 65, 67, 59 j3 


ExampLt 12.14 Concatenate name and aggregate for students having age as 14 or 16. 


(Consider table Studeni of example 12.3) 


Solution. mysql> SELECT CONCAT(name, aggregate) AS "Name Marks” FROM student 
-> WHERE age = 14 OR age = 16 ; 
| Name Marks l 


| Aanya340 l 
| Gurvinder480 | 
| Ali260 l 
| Fatimah400 t 
I Mitals5o 1 


(0.00 sec) 


w 
cd 
o 
zZ 
H 
g 
o 
a 


EXAMPLE 12.15 Display names ‘MR. OBAMA’ and ‘MS. Gandhi” into lowercase. 


Solution. 
mysql> SELECT LOWER('NR. OBAMA’) AS "LowerNamel" , | LowerNanel w eaaa 3 
-> LOWER('Ms. Gandhi’) AS “LowerName2" ; sess -==-===--> jews cawaleainme rt 
O } me chama I ms. gandhi 
r mysql> SELECT L CASE('MR. OBAMA’) AS “LowerNamel” ,' ,.-~---------- eee ae ener 
-> LCASE ('Ms. Gandhi’) AS “LowerName2"™ ; i row in set (0,00 sec) 


wi COMPUTER SCIENCE WiTH PYTHO 
N- 


EXAMPLE 12.16 Display 4 characters extracted from 3rd left character onwards from string ‘ABCDEFG 
Solution. =ysql> SELECT SUBSTR('ASCDEFG', 3, 4) “Subs” ; 


X 


EXAMPLE 12.17 Display first three characters extracted from jobs of employees S888 and 8900. 


Solution. i Sienan a oo i 
| SUBSTR(job, 1, 3) | 

mysql> SELECT sussTR(job, 1, 3) =a "CNN 

-> FROM empl Be 

-> WHERE empno = 8888 or empno = 8982 ; = 


Sew. ny 


EXAMPLE 12.18 Write a query to remove leading and trailing spaces from string‘ Bar One “. 
Solution. mysql> SELECT TRIM(' Bar One ') 3 


EXAMPLE 12.19 How many characters are there in string ‘CANDIDE’. ? 
Solution. mysql> SELECT LENGTH('CANDIDE') "Length in characters" ; 


2 


eee eee ee ee ee ee 


EXAMPLE 12.20 Write a query to extract a sub string from string ‘Quadratically’ which should be 6 characters long 
and start from 5* character of the given string. 


Solution. mysql> SELECT sugsTRING( 'Quadratically',5,6)3 


l row in set (0.02 sec) 


EXAMPLE 12.21 Find out the remainder of 11 divided by 4 and display 3°. 


Solution. mysql> SELECT MOD(11, 4) "Modulus", POWER(3, 2) "Raised" ; 


p 
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EXAMPLE 12.22 Truncate value 15.79 to 1 decimal place. 
Solution. mysql> SELECT TRUNCATE(15.79, 1) "Truncate" ; 


EXAMPLE 12.23 Write a query to display current date on your system. 


Solution. 
mysql> SELECT CURDATE() ; 


1 row in set (0.00 sec) 


EXAMPLE 12.24 Write a query to display date after 10 days of current date on your system. 


Solution. 
mysql> SELECT CURDATE() + 10 ; 


aye = o> hier see = + — when you add a number to a date, then 


Aa returned value is not formatted as date, 


1 row in set (0.00 sec) 


EXAMPLE 12.25 Write a query to extract date from a given datetime value ‘2020-12-31 01:02:03’. 


Solution. 
mysql> SELECT DATE( ' 2020-12-31 01:02:03") ; 


+------------------------------- + 
| DATE('2020-12-31 01:02:03') 

+-------------------------- = + 
| 2020-12-31 | 
Pose aaa se + - + = = - = == + 


1 row in set (0.03 sec) 


EXAMPLE 12.26 Write a query to extract month part from date 3™ Feb 2020. 
SOLUTION. 
mysql> SELECT MONTH( ' 2026-02-03") ; 


fae SoS See ee See oe + 
| MONTH ('2020-02-03') | 
a ee ee + 
] 2 | 
+------5-- +--+ == + 


1 row in set (0.03 sec) 
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EXAMPLE 12.27 Write a query to display current date and time, 
Solution. mysql> SELECTNOW( ) 3 


l row in set (0.00 sec) 


EXAMPLE 12.28 Write a query to illustrate the difference between now( ) and sysdate( ). 
Solution. 
mysql> SELECT NOW(), SLEEP(2), NOW(); 


i eet teeta lett ttt tnd ll leanne ett a 

| NOW() | SLEEP (2) | NOW () l 

be... ee ee te -=--> temenem M M M M M M M i M + 

} 2009-06-03 15232:3%41 0 | 2009-06-03 15:32:34 | 

ta ew a Seo oe ease ao ee ee eo oo eee oe + 

i row in set (2.01 sec) A 
Norice h&n first query the nowi) gives the same value eve 
2 seconds (sleep(2) ). but sysdated) values have a difference 


2 seconds because of sleep(2) 


mysql> SELECT SYSDATE(), SLEEP(2), SYSDATE(); he 


| 
0 | 2009-06-03 15:33:17 I 
+ 


Compare the above fwvo results. The now( ) function will return the same result even if you ust 
multiple times in same statement, even after creating delays (such as through sleep( ) that crea 
delay of specified seconds) because the now( ) function returns the begin-time of ee 
whereas sysdate( ) function returns the execution time of its own i.e., at what time it starte 

execute. After reading these lines, compare the above results once again. Now you will clea! 
understand the difference between the functionality of the two functions now( ) and sysdate() 


12.7 AGGREGATE FUNCTIONS 
Till now you have learnt to work with functions that operate on individual rows ina table e8. 
you use Round() function then it will round off values from each row of the table. 


: ; can ma 
MySQL also supports and provides group functions or aggregate functions. AS nin than‘ 
out that the group functions or aggregate functions work upon groups of rows, pa: nctions 
single rows. That is why, these functions are sometimes also called multiple row £" 

Many group functions accept the following options : 


x ; asa aie alues 
DISTINCT This option causes a group function to consider only distinct val 
argument expression. 


of t 


+ nate 
on gs ; s duplica 
ALL This option causes a group function to consider all values including all dup 


pm 
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The usage of these options will become clear with the coverage of examples in this section. 


All the examples that we'll be using here, shall be based upon following table empl. 


Table 12.5 Database table empl 


+---77 pos eRe paan Sa +=--.-- teame m e M M Fe eew nnn Fie on Gilpin a an 0 pawn aem + 
jeMPNO| ENAME | JOB | MGR | HIREDATE | SAL | COMM ĮDEPTNOI 
feorrn pcan oem eee eee an en! ae al Ee as ae as ono teen er er rer tree- ---- +e.. $e- + 
18369 | SMITH | CLERK | 8902 | 1990-12-18 ı 800.00 | NULL 1 2% | 
18499 | ANYA | SALESMAN |8698 |1991-02-20 | 1600.00 | 300.00 | 30 | 
|8521 | SETH I SALESMAN | 8698 | 1991-02-22 | 1250.00 | 500.00 | 30 | 
|8566 | MAHADEVAN | MANAGER 188239 | 1991-04-02 2985.00 | NULL p 20 3 
18654 | MOMIN I SALESMAN | 8698 | 1991-09-28 | 1250.00 | 1400.00 | 30 | 
18698 | BINA | MANAGER |8839 | 1992-05-01 | 2850.00 | NULL 1 30 1 
| 8839 | AMIR | PRESIDENT | NULL | 1991-11-18 | 5000.00 | NULL 1 10 4 
| 8844 | KULDEEP | SALESMAN | 8698 | 1991-09-06 1500.00 | 0.90 1 30 | 
| 8882 | SHIAVNSH | MANAGER | 8839 | 1991-06-09 | 2450.00 | NULL 1 10 1 
18886 | ANOOP | CLERK | 8888 | 1993-01-12 | 1100.00 | NULL i 20 4 
| 8888 | SCOTT | ANALYST | 8566 | 1992-12-09 | 3000.00 | NULL 1; 20 1 
18900 | JATIN | CLERK | 8698 | 1991-12-03 1950.00 | NULL 1 30 | 
| 8902 | FAKIR I ANALYST | 6566 | 1991-12-03 | 3000.00 | NULL y 20 1 
18934 | MITA | CLERK | 8882 | 1992-01-23 | 1300.00 | NULL 1 10 1 
f= <i — fo See p Sain ait SS foe ses --<-o See Steeler duia oma e pra + 
1. AVG 
This function computes the average of given data. 
SYNTAX 
AVG( [DISTINCT | ALL] n) 
4 Returns average value of parameter(s) n. 
Argument type : Numeric Return value : Numeric | wecniacaeeas Sige ‘ 
Í | Average i 
EXAMPLE 12.29. Calculate average salary of all employees listed in jableemp: (2 ees Se + 
8 4 pia} 
F Í 1 2073-928571 | 
Solution. mysql> SELECT AVG(sal) “Average” ioe . 
FROM empl ; | 1 row in set (0.01 sec) 
2. COUNT 


This function counts the number of rows in a given column or expression. 


SYNTAX 


COUNT({ * [DISTINCT | ALL] expr}) 


4 Returns the number of rows in the query. 


4 If you specify argument expr, this function returns rows where expr is not null. You can count 
either all rows, or only distinct values of expr. 


4 If you specify the asterisk (*), this function returns all rows, including duplicates and nulls. 


Argument type : Numeric Return value : Numeric 


LD 


EXAMPLE 12.30. Count number of records in table empl. 
Solution. 


mysql> SELECT COUNT(*) “Total” 
FROM empl ; 


EXAMPLE 12.31. Count number of jobs in table empl. 
Solution. 


mysql> SELECT COUNT(job) “Job Count” 
FROM empl ; 


EXAMPLE 12.32, How many distinct jobs are listed in table empl ? 
Solution. 


mysql> SELECT COUNT(DISTINCT job) “Distinct Jobs” 
FROM empl ; 


3. MAX 


550 COMPUTER SCIENCE wiry he 
HO 


N 
- — m >a 
mrasa + 
Total | 
Tee a mea + 
14 | 
SS TSS tee + 
row in set (0.9 
+00 Seq) 
a T 
Job Count 
a eE 4 
14 | 
ne re 
row in set (0 
-O1 s 
ec) 
a = K 
Distinct Jobs | 
a se 4 
15 | 
See Se meee + 
row in set (0 04 Sec) 


This function returns the maximum value from a given column or expression. 


SYNTAX 
MAX( [DISTINCT] ALL] expr) 


4 Returns maximum value of argument expr. 


Argument type : Numeric Return value : Numeric 


EXAMPLE 12.33. Display maximum salary from table empl. 
Solution. 


mysql> SELECT MAX(sal) “Maximum Salary” 
FROM empl ; 


4, MIN 


row in set (0.01 sec) 


This function returns the minimum value from a given column or expression. 


SYNTAX 


MIN( [DISTINCT | ALL] expr) 
4 Returns minimum value of expr. 


Argument type : Numeric Return value : Numeric 


EXAMPLE 12.34, Display the Joining date of seniormost employee. 


Solution. 
mysql> SELECT MIN(hiredate) “Minimum Hire Date” 
FROM empl ; 
BR. 


-+ 


-+ 


--Ħt 
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5, SUM 


This function returns the sum of values in given column or expression. 


551 


SYNTAX. 
SUM( [DISTINCT | ALL] n) 


4 Returns sum of values of n. 


Argument type : Numeric Return value : Numeric 

, i +---------------- + 

EXAMPLE 12.35. Display total salary of all employees listed in table empl. | Total Salary | 

a +---------------- + 

Solution. | 29035.00 l 

mysql> SELECT SUM(sal) “Total Salary” f bite ee er is 

FROM empl ; 1 row in set (0.01 sec) 

Some more examples of group functions are being given below : NOTE i | 
Examples : These functions are called ti | 


4. To calculate the total gross for employees of grade “E2’, aggregate functions because they 
operate on aggregates of tuples. 


the command is : The result of an aggregate ni | 
| SELECT SUM(gross) FROM employee function is a single value. pii 
WHERE grade = ʻE?’ ; AMAO ES SPE 


2. To display the average gross of employees with grades ‘E1’ or ‘E2’, the command used is : ri | 


SELECT AVG(gross) FROM employee 
WHERE (grade = ‘E1’ OR grade = 2) ; 


3. To count the number of employees in employee table, the SQL command is : 


SELECT COUNT (*) 
FROM employee ; 


4. To count the number of cities, the different members belong to, you use the following 
command : | 
SELECT COUNT (DISTINCT city) FROM members ; Hat 


Here the DISTINCT keyword ensures that multiple entries of the same city are ignored. The * is 
the only argument that includes NULLs when it is used only with COUNT, functions other than 
COUNT disregard NULLs in any case. 

If you want to count the entries including repeats, the keyword ALL is used. The following 
command will COUNT the number of non NULL city fields in the members table : 


SELECT COUNT(ALL city) 
FROM members ; 
In general, GROUP functions 
© Return a single value for a set of rows. pil 
© Can be applied to any numeric values, and some Text types and DATE values. 


COMPUTER SCIENCE W 
ITH PYTH 
ON 


~ XI 


LET Us REVISE 
an 
& The basic elements of MySQL SQL are : literals, datatypes, nulls and comments. 
“: Literals are fixed data values. 
& Data types of MySQL SQL include : NUMERIC (INT, TININT, SMALLINT, MEDIUMINT, BIG INT, FLO 
DOUBLE(M, D) AND DECIMAL(M, D)), DATE and TIME (DATE, DATETIME, TIMEST ATM D), 


‘AMP 
YEARIM) and STRING (CHAR(M), VARCHAR(M), BLOB or TEXT, TINYBLOB or TINYTEXT, MẸp mee a 
MEDIUM TEXT and ENUM). BLO 


& Column having no value is said to have NULL value. 

“Ss The SELECT command of SQL lets you make queries on the database, 

&: The DISTINCT keyword eliminates redundant data. 

%: To perform calculations, the expressions can be written along with SELECT without Specifying a 
č% A small work table Dummy can be used for making simple calculations. 

%& The curdate pseudo-column returns the current system data. 

“= The IFNULL( ) is used to substitute null values in the output of a query. 

& The WHERE clause is used to select specific rows. 


ny table Name, 


< The logical operators OR, AND and NOT are used to connect search conditions in the WHERE clause. 
& The BETWEEN operator is used for making range checks in queries. 

<& The IN operator is used for selecting values from a list of values, 

& The LIKE operator is used for making character comparisons using strings. 


“ The null value in a column can be searched for in a table using IS NULL in the WHERE clause. 
“. The ORDER BY clause is used to sort the results of a query. 


QUERYING IN SQL 


Progress in SQL 12.1 


Q ience with Python and fill it there in PriS 12.1 under Chapter 12 after 


Please check the practical component-book — Progress in Compuier ) 
p 
practically doing it on the computer. 


D>> <<< 


E Aiective Type Questions 
— OT QS 


Which of the following attributes can be considered as a choice for primary key ? 
(a) Name (b) Street 


What is the full form of SQL ? 
(a) Structured Query Language 
(c) Simple Query Language 


(c) Roll No (d) Subject 


(b) Structured Query List 
(d) None of these 


p 


p E O 
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3, What is the full form of DDL ? 
(a) Dynamic Data Language (b) Detailed Data Language 
(c) Data Definition Language (d) Data Derivation Language 
4. What does DML stand for ? 
(a) Different Mode Level (b) Data Model Language 
(c) Data Mode Lane (d) Data Manipulation language 
5, Which is the subset of SQL commands used to manipulate database structures, including tables ? 
(a) Data Definition Language (DDL) (b) Data Manipulation Language (DML) 
(c) Both (a) and (b) (d) None 
6, Which of the following sublanguages of SQL is used to define the structure of the relation, deleting 
relations and relating schemas? 
(a) DML (Data Manipulation Language) 
(b) DDL (Data Definition Language) 
(c) Query (d) Relational Schema 
7. Which of the following sublanguages of SQL is used to query information from the database and 
to insert tuples into, delete tuples from, and modify tuples in the database ? 
(a) DML (Data Manipulation Language) 
(b) DDL (Data Definition Language) 
(c) Query (d) Relational Schema 
8. Consider following SQL statement. What type of statement is this? 
SELECT * FROM employee 
(a) DML (b) DDL 
(c) DCL (d) Integrity constraint 
9. Which of the following keywords will you use in the following query to display the unique values 
of the column dept_name? 
SELECT dept_name FROM Company; 
(a) All (b) From (c) Distinct (d) Name 
10. Which of the following keywords will you use in the following query to display all the values of 
the column dept_name ? 
SELECT dept_name FROM Company; 
(a) All (b) From (c) Distinct (d) Name 
11. The ____ clause of SELECT query allows us to select only those rows in the result that satisfy a 
specified condition. 
(a) Where (b) from (c) having (d) like 
12. ____ clause of the following query must be added with keyword to display the fields 


given in the select list as per a given condition. 
SELECT ID, name, dept name, salary a ert i 
WHERE instructor = 1005 ; 


(a) where, having, (b) select, from 
(c) where, from (d) where, select 
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Which of the following queries contains an error? 
(a) Select * from emp where empid = 10003; 
(b) Select empid from emp where empid = 10006; 


(c) Select empid from emp; 


(d) Select empid where empid = 1009 and lastname = ‘GUPTA’; 
14. Consider the following table namely Employee : 


1001 


1009 


1018 


Misha 


Khushi 


Japneet 


Which of the names will not be displayed by the below given query ? 


SELECT name FROM employee WHERE employee_id>1@09 ; 


(a) Misha, Khushi 
(c) Japneet 


(b) Khushi, Japneet 
(d) Misha, Japneet 


. Which operator performs pattern matching ? 


(a) BETWEEN operator 
(c) EXISTS operator 


. Consider the following query 


SELECT name FROM class WHERE subject LIKE ' 


(b) LIKE operator 
(d) None of these 


XII 


Computer Science’ ; 


Which one of the following has to be added into the blank space to select the subject which has 


Computer Science as its ending string ? 


(a) $ (b) _ 


() Il (d) % 


. Which operator tests a column for the absence of data (i.e, NULL value) ? 


(a) EXISTS operator 
(c) IS operator 
. The pattern ‘- -~ matches any string of 
three characters. 
(a) Atleast, Exactly 
(c) Atleast, All 


(b) NOT operator 
(d) None of these 


(b) Exactly, Atleast 
(d) All, Exactly 


. By default, ORDER BY clause lists the results in order. 


(a) Descending (b) Any 
. Consider the following query 


SELECT * FROM employee ORDER BY salary , Name 


three characters. ‘~ — —%’ matches any string of 


(c) Same (d) Ascending 


3 


: Jowing 
To display the salary from greater to smaller and name in alphabetical order which of the fol 


options should be used ? 
(a) Ascending, Descending 
(c) Desc, Asc 


(b) Asc, Desc 
(d) Descending, Ascending 


 — 
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Fill in the Blanks 


_ SQL stands for 
_ The SQL keyword 


Query Language. 


is used to specify the table(s) that contains the data to be retrieved. 


1 

2 

3, To remove duplicate rows from the result of a query, specify the SQL qualifier in select list, 
4 

5 


instead of listing all the column names in the select list. 
` The SQL _____ clause contains the condition that specifies which rows are to be selected. 
6. To sort the rows of the result table, the 


_ To obtain all columns, use a(n) 


clause is specified. 
Columns can be sorted in descending sequence by using the SQL keyword 


g. When two conditions must both be true for the rows to be selected, the conditions are separated by 
the SQL keyword ; 


9, The SQL keyword is used in SQL expressions to select based on patterns. 
10. By default, ORDER BY clause lists the records in order. 


True/False Questions 


1. The condition in a WHERE clause in a SELECT query can refer to only one value. 


SQL provides the AS keyword, which can be used to assign meaningful column names to the 
results of queries using the SQL built-in functions. 


3, The rows of the result relation produced by a SELECT statement can be sorted, but only by one 
column. 


m 


4. SQL is a programming language. 

5, SELECT DISTINCT is used if a user wishes to see duplicate columns in a query. 

6. The qualifier DISTINCT must be used in an SQL statement when we want to eliminate duplicate rows. 
7. DISTINCT and its counterpart, ALL, can be used more than once in a SELECT statement. 

_ DISTINCT and its counterpart, ALL, can be used together on single field in a SELECT statement. 

9, ORDER BY can be combined with the SELECT statements. 


| Data manipulation language (DML) commands are used to define a database, including creating, 
altering, and dropping tables and establishing constraints. 


. The keyword LIKE can be used in a WHERE clause to refer to a range of values. 
2. The keyword BETWEEN can be used in a WHERE clause to refer to a range of values. 


Solved Prohlems 


1. Name some basic MySQL SQL elements. 
Solution. Some basic MySQL SQL elements are : 
(i) Literals (ii) Datatypes (iii) Nulls (iv) Comments. 


2. Differentiate between CHAR and VARCHAR datatypes. 
Solution. The difference between CHAR and VARCHAR is that of fixed length and variable length. 
The CHAR datatype specifies a fixed length character string. When a column is given datatype as 
CHAR(1), then MySQL ensures that all values stored in that column have this length i.e., n bytes. If 
a value is shorter than this length 1 then blanks are added, but the size of value remains n bytes. 
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VARCHAR, on the other hand, specifies a variable length string. When a colum 
as VARCHAR (n), then the maximum size a value in this column can have is n by 
is stored in this column stores exactly as you specify it i.e., no blanks are added if 
than maximum length n. However, if you exceed the maximum length n, then 
displayed. 


nis iven q 
ata 
tes. Each va ei 
the length isa that 
an error me 


Consider a table Empl as given below : 


CLERK 1990-12-18 | 800.00 

SALESMAN 1991-02-20 | 1600.00 

SALESMAN 1991-02-22 | 1250.00 
MAHADEVAN | MANAGER 1991-04-02 | 2985.00 
MOMIN SALESMAN 1991-09-28 | 1250.00 
BINA MANAGER 1991-05-01 | 2850.00 
SHIAVNSH MANAGER 1991-06-09 | 2450.00 
SCOTT ANALYST 1992-12-09 | 3000.00 
AMIR PRESIDENT 1991-11-18 | 5000.00 
KULDEEP SALESMAN 1991-09-08 | 1500.00 
ANOOP CLERK 1993-01-12 | 1100.00 
JATIN CLERK 1991-12-03 | 950.00 
FAKIR ANALYST 1991-12-03 | 3000.00 
MITA CLERK 1992-01-23 | 1300.00 


You can create above table by running the script file crEmpDep under SampleDB folder. For this, you need to 
simply write SOURCE D:/Samp!DB/crEmpDep.sql on mysql> prompt 


3. Display all the records (all columns) from table empl. 
Solution. | SELECT * FROM empl ; 


4. Display EmpNo and EName of all employees from table Empl. 


Solution. | SELECT empno, ename 
f FROM empl ; 


Display Ename, Sal and Sal added with Comm from table empl. 
Solution. 


yI 


SELECT ename, sal, sal+comm 
FROM empl ; 


; s . ission from 
6. Write a query to display employee name, salary and department number who are not getting commissio! fr 
table empl. 
Solution. 


SELECT ename, sal, deptno 
FROM empl 
WHERE comm IS NULL ; 


p 
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7, Write a query to display employee number, name, sal and sal*12 as Annual Salary whose commission is not 
NULL from table empl. 
Solution. 
SELECT empno, ename, sal, sal*12 "Annual Salary" 
FROM empl 
WHERE comm IS NOT NULL ; 


s. List all department numbers in table empl. 
Solution. 
SELECT deptno 
FROM empl ; 


9, List all unique department numbers in table empl. 
Solution. 
SELECT DISTINCT deptno 
FROM empl ; 


10. List details of all clerks who have not been assigned departments as yet. | j | 


Solution. 
SELECT * 
FROM empl 
WHERE job = 'CLERK' 
AND deptno IS NULL ; jail 


11. List the details of those employees who have four lettered names. Hi 


Solution. pi 
SELECT* 
FROM emp1 
WHERE ename LIKE '- - - -' 5 


12. List the details of all employees whose annual salary is between 25000 — 40000. 
Solution. 
SELECT * 
FROM emp1 i 
WHERE sal*12 BETWEEN 25000 | | 
AND 40009 ; Ht 


13. How many job types are offered to employees ? at 
Solution. 


SELECT DISTINCT job |! 
FROM empl ; 


14. List the details of employees who carn more commission than their salaries. 
Solution. Hi 
SELECT * i 
FROM empl 
WHERE comm > sal ; 


Š 
bs 
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ry of employee who do not have manager, 


job title and sala 
ame, job OM empl WHERE mgr IS NULL ; 


15. Write a query to display the n irap 
Solution. mysql> SELECT ename, JOD, 
the name of employee whose name cont 


ROM empl WHERE ename like '_ A%' ; 


ains ‘A’ as third alphabet. 


16. Write a query to display 
Solution. mysql> SELECT ename F 


Writ to la the name o employee whose name contains T as the las alp 1abet 
ite a query disp y t } 


j Solution. mysql> SELECT ename FROM empl WHERE ename like '%T' ; 
18. Write a query to display the name of employee who is having ‘L' as any eg of the name. 

Solution. mysql> SELECT ename FROM empl WHERE ename like '%L%' ; 
19. Mr. Singh is responsible for setting up an inventory system in a supermarket. He creates a database table 


INVENTORY, to store the information on products for sale. 
Table : INVENTORY 


QTY 


SU (Number 
(Category) | (Product Code) | (Product Name) | (Price of Product) items he Bus, 


Beverage BEST juice 
Snack YUMMY 
Noodle WOW 
Beverage FRESH tea 
Noodle QQ noodle 


(a) Which field, CAT, CODE, NAME, PRICE or QTY, should be used as a key field ? 


(b) The data type of QTY is integer, Judy, Mr. Singh's colleague, suggests changing it to real number or 
string. Mr. Singh disagrees with Judy's suggestion. Why ? 


(c) Mr. Singh write the following SQL command. Based on the five given records in INVENTORY above, 
what is the query result ? 


Select CODE, PRICE from INVENTORY where PRICE > 10 and QTY < 40 


Solution. 
(a) CODE 


(c) NO42 20.2 
20. Conside 
1. SELECT DISTINCT t 


2. SELECT * FROM pet 
3. SELECT name, 


ype FROM event WHERE r 
WHERE owner LIKE "%e%' 
Sex FROM pet WHERE birth > 


emark IS NULL ; 
; 


= ‘1995-01-01? ; 
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Solution. 

1. 
+----------- + 
| type | 
a= SSS So= + 
| kennel | 
+----------- + 

2. 
teorcocecccct Sle Se eS $-es-s----- fea eaten ee mine a +- +------------ + 
| name | owner | species | sex | birth | death | 
+--------- +--------- +--------- +--------- +------------ +------------ + 
| Claws | Gwen | cat | m | 1994-03-17 | NULL | 
| Fang | Benny | dog | om i 1990-08-27 | NULL | 
| Bowser | Diane | dog | om | 1979-08-31 | 1995-07-29 
| Chirpy | Gwen | bird | £ | 1998-09-11 | NULL | 
| Whistler| Gwen | bird | NULL { 1997-12-09 | NULL i 
| Slim | Benny | snake I m | 1996-04-29 | NULL | 
| Puffball| Diane | hamster | f 1 1999-03-30 | NULL | 
+--------- +--------- +--------- +--------- +------------ +------------ + 

3. j 
+----------- +----------- + 
| name | sex | i 
+----------- +----------- + 
| Chirpy I BE | 
| Whistler | NULL | ‘| 
| Slim lm | Bi 
| Puffball i | H 
+----------- +----------- + | 


21. Write a query to display name, job, salary, and HireDate of employees who are hired between May 20, 1990, 
and December 31, 1991. Order the query in ascending order of HireDate. (Table Empl) 


Solution. mysql> SELECT ename, job, sal, hiredate FROM empl 
-> WHERE hiredate BETWEEN '1998-@5-2@' AND "1991-12-31' 
-> ORDER BY hiredate; 
22, For each employee display employee name and total number of years lapsed between HireDate and Today. at 
Solution. | mysql> SELECT ename, YEAR(CURDATE() ) - YEAR(hiredate) FROM empl; 


GLOSSARY [i 
— | i 

DataType Means to identify type of data and associated operations for handling it. 

Literal Fixed datavalue. i 

Null Column with no value. 

Comment Text that is not executed. i 

Keyword Word having a special meaning. Si 


Query A command given to produce certain specified information from the database table(s). a 
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No 


9. 
10. 


11. 


Consider table Empl given in solved problems and answer the following questions 
Write a query to 


display EName and Sal of employees whose salary is 
from table Empl. 


Greater than OF equal t 
0 29 


Write a query to display the name, 
Write a query to display the name 
Write a query to displa 
Write a que 
alphabet. 


job title and salary of employee wh 
of employee whose name contains ‘ 
y the name of employee whose name contains 
Ty to display the name of employee whose name contains 


© do not have Manager 
A’ as third alphabet. 

FT as the last alphabet 
‘M’ as first alphabet ‘g, aS thin 
Write a query on the customers table whose ou 
unless they are located in Shimla. 

Write a query that selects all orders (Order table) 
Write SQL commands for the following on the b 


tput will exclude all customers with a rating <= 19) 
except those with zeros or NULLs in the 


asis of given table STUDENT : 
Table : STUDENT 


amt field, 


Cricket 
Tennis 


Photography 
Gardening 
Swimming Photography 


Tennis Cooking 


Basket Ball 
Cricket 


Literature 


Gardening 


(i) Display the names of the students who are getting a grade 
(ii) Display the different games offered in the school. 


(ii) Display the SUPW taken up by the students, whose name starts with AS 


‘C’ in either GAME or SUPW. 


Write SQL commands for the following on the basis of given table SPORTS : 
Table : SPORTS 


Sameer Cricket Swimming 


Sujit Tennis Skating 
Kamal Swimming Football 
Venna Tennis Tennis 

Archana Basketball Cricket 


Arpit 


Cricket A 
(i) Display the names of the students who have grade 
(ii) Display the names of the students w 

(iit) Display the games taken up by the s 


Athletics 


r both. 
‘C’ in either Gamel or Game? 0 


ame2. 
ho have same game for both Game1 and Ga 


tudents, whose name starts with ‘A’. 
p 
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12. Write SQL commands for the following on the basis of given table CLUB : 


COACH_ID COACHNAME — 


’ KUKREJA 
RAVINA 
KARAN 
TARUN 
ZUBIN 
KETAKI 
ANKITA 
ZAREEN 
KUSH 
SHAILYA 


yp mn an pF YN 


an 
9 


Table : CLUB 


KARATE 
KARATE 
SQUASH 
BASKETBALL 
SWIMMING 
SWIMMING 
SQUASH 
KARATE 
SWIMMING 
BASKETBALL 


SPORTS DATOFAPP 


27/03/1996 
20/01/1998 
19/02/1998 
01/01/1998 


12/01/1998 
24/02/1998 
20/02/1998 
22/02/1998 
13/01/1998 
19/02/1998 


(a) To show all information about the swimming coaches in the club. 
(b) To list names of all coaches with their date of appointment (DATOFAPP) in descending order. 
(c) To display a report, showing coachname, pay, age and bonus (15% of pay) for all the coaches. 


13. Given the following table : 


= 


KUKREJA 
RAVINA 
KARAN 
TARUN 
ZUBIN 
KETAKI 
ANKITA 
ZAREEN 
KUSH 
SHAILYA 


2. 
3. 
4. 
5 
6. 
Ti: 
8. 
9. 


_ 
2 


COACH-ID | COACHNAME ea SPORTS DATOFAPP | PAY | sex | 


Table : CLUB 


KARATE 
KARATE 
SQUASH 
BASKETBALL 
SWIMMING 
SWIMMING 
SQUASH 
KARATE 
SWIMMING 
BASKETBALL 


Give the output of following SQL statements : 
(i) SELECT COUNT (DISTINCT SPORTS) FROM Club ; 


(ii) SELECT MIN(Age) FROM CLUB WHERE Sex = ‘F 


27/03/1996 
20/01/1998 
19/02/1998 
01/01/1998 
12/01/1998 
24/02/1998 
20/02/1998 
22/02/1998 
13/01/1998 
19/02/1998 


t 


(iii) SELECT AVG(Pay) FROM CLUB WHERE Sports = ‘KARATE’ ; 


(iv) SELECT SUM(Pay) FROM CLUB WHERE Datofapp > ‘31/01/98’ 
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14. Write SQL commands for the following on the basis of given table STUDENT] : 


t 
| 2 | Divakar | 
| 3 | Divya | 
bas Vaan 
| 5 | Sabina | 
| 6 | John | 
7 | Robert 
| 8 |Rubina | 
| 


(a) Select all the Nonmedical stream students from STUDENTI. 


400.00 
450.00 
300.00 
350.00 
500.00 
400.00 
250.00 
450.00 
500.00 
300.00 


Table : STUDENTI 


| Medical 
| Commerce 
| Commerce 
| Humanities 
| Nonmedical 
| Medical 
Humanities 
Nonmedical 


| Nonmedical 


Commerce 


(6) List the names of those students who are in class 12 sorted by Stipend. 
(€) List all students sorted by AvgMark in descending order 


(d) Display a report, listing Name, Stipend, Stream and amount of 


assuming that the Stipend is paid every month. 


15. Given the following table : 


Divya 


Arun 
Sabina 
John 
Robert 
Rubina 
Vikas 
Mohan 


Table : STUDENT 


Medical 
Commerce 
Commerce 
Humanities 
Nonmedical 
Medical 
Humanities 
Nonmedical 
Nonmedical 


Commerce 


Give the output of following SQL statements : 
(i) SELECT MIN(AvgMark) FROM STUDENT WHERE AvgMark < 75 ; 
(it) SELECT SUM(Stipend) FROM Student WHERE Grade = ‘B’; 
(iii) SELECT AVG(Stipend) FROM Student WHERE Class =‘12A’ ; 
(iv) SELECT COUNT(DISTINCT) FROM Student F 


HON 


stipend received in a J 


_ | 
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16. Write SQL commands for the following on the basis of given table : 


Table : Library 


Data Structure Lipschutz McGraw 
Computer Studies French Galgotia 
Advanced Pascal Schildt McGraw 
Dbase dummies Palmer PustakM 
Mastering C+ + Gurewich BPB 
Guide Network Freed ZPress 
Mastering Foxpro Seigal BPB 
DOS guide Norton PHI 


Basic for beginners Morton BPB 


oO oF SN ot Oe SN 
= w U N YW WwW WH FN 


m 
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Mastering Window Cowart BPB 


(a) Select all the PROG type published by BPB from Library. 
(b) Display a list of all books with Price more then 130 and sorted by Qty. 
(c) Display all the books sorted by Price in ascending order. 


17. Write SQL commands for the following on the basis of given table MOV : 


Table : MOV 
Gone with the Wind Drama Gable 
Friday the 13th Horror Jason 


Top Gun Drama Cruise 
Splash Comedy Hanks 
Independence Day Drama Turner 
Risky Business Comedy Cruise 
Cocoon Scifi Ameche 


Crocodile Dundee Comedy Harris 


1 
2 
3 
4 
5 
6 
7 
8 
9 


101 Dalmatians Comedy 
Tootsie Comedy Hoffman 


FP wWwNN NN WO WN KN 


m 
© 


(a) Display a list of all movies with Price over 20 and sorted by Price. 
(b) Display all the movies sorted by QTY in decreasing order. 


(c) Display a report listing a movie number, current value and replacement value for each movie in 
the above table. Calculate the replacement value for all movies as 


QTY * Price:* 1.15. 


Lay 


Ep Į 
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18. Write SQL commands for the following on the basis of given table GRADUATE : 


Table : GRADUATE 


SUBJECT AVERGE Rank 

1 KARAN 400 PHYSICS 68 1 

2 DIVAKAR 450 COMPUTER SC 68 1 

3 DIVYA 300 CHEMISTRY 62 2 

4 ARUN 350 PHYSICS 63 1 

5 SABINA 500 MATHEMATICS 70 1 

6 JOHN 400 CHEMISTRY 55 2 

7 ROBERT 250 PHYSICS 64 1 

8 RUBINA 450 MATHEMATICS 68 1 

9 VIKAS 500 COMPUTER SC 62 1 
L_10. MOHAN 300 MATHEMATICS 57 2 
(a) List the names of those students who have obtained Rank 1 sorted by NAME. 
(b) Display a report, listing NAME, STIPEND, SUBJECT and amount of stipend received in a yea 


assuming that the STIPEND is paid every month. 


19. Write SQL commands for the following on the basis of given table Teacher : 


Table : Teacher 


No. Name | Age Department Dateofjoin Salary Sex 
1. Jugal 34 Computer 10/01/97 12000 M 
2, Sharmila 31 History 24/03/98 20000 F 
3. Sandeep 32 Maths 12/12/96 30000 M 
4. Sangeeta 35 History 01/07/99 40000 F 
5. Rakesh 42 Maths 05/09/97 25000 M 
6 Shyam 50 History 27/06/98 30000 M 
ve Shiv Om 44 Computer 25/02/97 21000 M 
8. | Shalakha_| 33 Maths 31/07/97 20000 F 


(a) To show all information about the teacher of history department 
(b) To list the names of female teachers who are in Hindi department 


(c) To list names of all teachers with their date of joining in ascending order. 
20. Consider the table Student] of Q. 14. 


Give the output of following SQL statement : 
(i) SELECT TRUNCATE(AvgMark) FROM Student] WHERE AvgMark <75 ; 


(ii) SELECT ROUND(AvgMark) FROM Student] WHERE Grade = ‘B’; 
(iii) SELECT CONCAT(Name, Stream) FROM Student] WHERE Class = ‘12A ; 


(iv) SELECT RIGHT(Stream, 2) FROM Student! ; 


Table Creation and 
Data Manipulation 
Commands 

nie Carter 


13.1 Introduction 

13.2 Databases in MySQL 

13.3 Creating Tables 

13.4 Changing Data with DML Commands 
13.5 More DDL Commands 


13.1 INTRODUCTION 


Uptil now, you have learnt quite a lot about working in MySQL. So far, you have learnt about 
writing simple SQL statements and using MySQL functions in queries. This chapter is going 
to introduce many new and useful commands of SQL. In this chapter we shall be discussing 
some more commands that let you create tables, add data in tables, modify/change data in 
tables, delete tuples from tables etc. Let us begin with table creation command- CREATE 


TABLE. 


13.2 DATABASES IN MYSQL 


Before you start creating tables, you need a database, which is the container of tables. The 
database acts as a central point of administration for the tables in the database. The actual data 
is stored in the tables, which provide a structured organization for the data and maintain the 
integrity of that data. To create tables, either you can create a new database or use an existing 


database. MySQL provides an empty database by the name test, which you can use to store 
ew database before you create a group of 


your tables in. But itis recommended that you create n 
coming lines, you are going to learn how 


some tables pertaining to a specific application. In the 
you can create databases in MySQL. 


The first step in setting up a MySQL database 
serves as a container for the tables in that database. 


1565) 
bee ie, 


is to create the actual database object, which 


13.2.1 Creating Databases 
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Creating databases is an easier task relatively. In simplest form the Create Database z 
takes the following syntax. OMmang 


SYNTAX CREATE DATABASE [IF NOT EXISTS] <database name> ; 


The IF NOT EXISTS clause, if used, will first test whether a database by the me: 


pega ntione 
already exists or not. If it does, then create database command is simply ignore d, ae Name 
database with the mentioned name is created. TWise a 
Following are some example database creation commands : 
CREATE DATABASE myDB ; Creates database having name as MyDB 


CREATE DATABASE IF NOT EXISTS myDB 5 


Ra ee Creates a database having name as MyDB, 


if there is no database by the name MyDB 


W322 Opening Datobases already existing 


2 


Creating database is not enough. Before you create tables in it, you need to open the database To 
open a database, you simply need to write the statement as per following syntax. ; 


SYNTAX USE <databasename> ; 


For example, to open myDB database that was created just before, you need to write ; 
USE myDB ; 


The only thing you need to ensure before opening a database is that it must already exist ie, it 


must be already created. To check the names of existing databases, you may write following 
command : 


SHOW DATABASES ; 


3 


3 Removing Databases 


Sometimes, you need to remove a database when you don’t need it anymore. But before making 
this decision, do make sure that you don’t need data stored in different tables of the database. 


This is because, when you drop a database, all its tables also get removed along with the 
database. 


To remove a database, you need to issue a command with following, syntax. 
SYNTAX. DROP DATABASE<database name> ; 


That is, to drop a database namely myDB, you ‘Il be writing : 
DROP DATABASE myDB ; ples 
ing table 
Now that you know about how to create and use databases, you can move on to creating 
and adding data to them, 


13.3 CREATING TABLES 


: nsare 
Tables are defined with the CREATE TABLE command. When a table is created, its colum 


P : t lea 
named, data types and sizes are supplied for each column. Each table must have ê 
column. 


_ 
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The syntax of CREATE TABLE command is : 
SYNTAX CREATE TABLE <tabLe-name> 


betes 


(<column name> <data type> [ (<size>)], 


<columnname> <data type> [ (<size>)... ])3 


To create an employee table whose schema is as follows : 


employee (ecode, ename, sex, grade, gross) 


the SQL command will be [NOTE 


CREATE TABLE employee Before issuing a CREATE TABLE 
( ecode integer, command, make assure that its 


h 20 parent database has been opened 
ename char (20), using USE <database name> 
sex char(1), command. 


grade char(2), 
gross decimal ) ; 


When you create a table, you can place constraints on the values that can be entered into its fields. 
If this is specified, SQL will reject any values (entered / changed through INSERT/UPDATE 
command) that violate the criteria you define. Let us learn about constraints in details. 


13.3.1 Dato Integrity Through Constraints 


A constraint, in general, refers to a condition or a check that is applied to a column (field) or set 
of columns in a table. The constraints applied to maintain data integrity are also known as 
integrity constraints. 


Once an integrity constraint is enabled, all data in the table CONSTRAINTS Ses 
must confirm to the rule that it specifies. Any subsequent SQL A Constraint is a condition or 
statement, that tries to enter or modify data in the table, is check applicable on a field or set 


successfully carried out if and only if the data being entered or of fields. 


modified satisfies the integrity constraints. 


The two basic types of constraints are Column constraints and Table constraints. The 
difference between the two is that column constraints apply only to individual columns, whereas 
table constraints apply to groups of one or more columns. The following is the syntax for the 
CREATE TABLE command, expanded to include constraints : 


SYNTAX CREATE TABLE <table name> 
{ <column name> <data type> [ ( <size> ) ] <column constraint», 


ecolumn name> <data type> [ ( <size> ) J <column constraint> ... 
<table constraint> (<column name>, [, <coLumn name>... HI eens Fs 


The fields given in parenthesis after the table constraint(s) are the fields to which they apply. 
The column constraints apply to the columns whose definitions they follow. 

For example, if you write the keywords NOT NULL immediately after the data type (and size) 
of a column, this means the column can never have empty values (ie, NULL? values). 
Otherwise SQL will assume that NULLs are permitted. 


1. NULL isa special keyword in SQL that depicts an empty value. A column having NULL is not empty but stores an empty 
value. Two NULLs cannot be added ; subtracted or compared. 


es: 
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Consider the following SQL command. 
CREATE TABLE employee 
( ecode integer NOT NULL, 
ename char (20) NOT NULL, 
sex char (1) NOT NULL, 
grade char (2), 
gross decimal ); 
The above command creates a table called employee in which ecode column (integer type) can 


never be empty as its definition is followed by keywords NOT NULL. Similarly, the colum 
ename (char (20) ) and sex (char (1) ) can never have NULL values. Any attempt to put NULL g 
in these columns will be rejected. S 


13.3.1A Different Constraints 


These constraints ensure database integrity, thus are sometimes called database integrity 
constraints. A few of them are : 


Unique constraint Primary key constraint © Default constraint 
¢ Check constraint & Foreign key constraint 


MySQL also supports some other constraints such as ENUM and SET constraints that are used 
to define columns that can contain only a given set of values. We are not going to talk about 
these constraints here as their coverage is beyond the scope of this book. 


1. Unique Constraint 


This constraint ensures that no two rows have the same value 


in the specified column(s). For example, UNIQUE constraint Please note that a column that is 
applied on ecode of employee table ensures that no rows have specified as a primary key must 
the same ecode value, as shown below. also be unique. At the same 
i | that’s unique 

CREATE TABLE employee pne, 2 'eoumn 


may or may not be a primary key. 


( ecode integer NOT NULL UNIQUE, In addition, multiple UNIQUE 
ename char (20) NOT NULL, constraints can be defined on a 


sex char (1) NOT NULL, table. 
grade char (2), f 
gross decimal ); 


After the application of this constraint, all subsequent SQL statements are executed A 
that the condition posed by this constraint is met. In other words, the values being entere me 
modified must ensure that the column ecode’s value is not already existing in the eal 
Figure 13.1 illustrates this very concept. This constraint when applied to columns ensures 
there cannot exist more than one NULL value in the column. 


Let me check why this error 
occurred? sas 
Hmm! The reason behind it 
is the violation of UNIQUE 
constraint on Ecode column. 


UNIQUE 
constraint on 
Ecode column 


INSERT INTO 
M1 


. 1105 Zainab 


Figure 13.1 The UNIQUE Constraint. 
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y Key Constraint 


rima , , i! 

gP his constraint declares a column as the primary key of the table. Note O io 

This constraint is similar to unique constraint except that only i 
olumn (or one group of columns) can be applied in this There are differences between i 


one © í UNIQUE and PRIMARY KEY. ik j 
constraint. The primary keys Cannot allow NULL values, thus, pena Though both ensure fe | 
this constraint must be applied to columns declared as NOT unique values for each row in a f H | 
NULL. Consider the following SQL statement : column, but UNIQUE allows j joo 


NULL values whereas PRIMARY 
KEY does not. Also, there can 
exist multiple columns. with 


CREATE TABLE empLoyee 
( ecode integer  NOTNULL PRIMARY KEY, 


ename char (20) NOT NULL, UNIQUE constraints in a table, | 
sex char (1) NOT NULL, but there can exist only one i 
grade char (2), column or one combination with t 
gross decimal ) ; PRIMARY KEY constraint. 


uaa 


4, Default Constraint 


A default value can be specified for a column using the DEFAULT clause. When a user does not ist 
enter a value for the column (having default value), automatically the defined default value is i 
inserted in the field. Consider the following SQL statement. | 


CREATE TABLE employee 
( ecode integer NOT NULL PRIMARY KEY, 
ename char (20) NOT NULL, 
sex char (1) NOT NULL, 
grade char (2) DEFAULT 'E1', 
gross decimal); 


According to above command, if no value is provided for grade, the default value of ‘E1’, will be 
entered. The datatype of the default value has to be compatible with the datatype of the column i 
to which it is assigned. Insertion of NULL (as default value) is possible only if the column 4 


definition permits. (NOT NULL columns cannot have NULL as default). A column can have only 
one default value. 


4. Check Constraint 


This constraint limits values that can be inserted into a column of a table. For instance, consider | 
the following SOL statement : en 


| 
CREATE TABLE employee j | 
( ecode integer NOT NULL PRIMARY KEY, { 
ename char (20) NOT NULL, | 

sex char (1) NOT NULL, 
grade char (2) DEFAULT 'E1', } 
gross decimal CHECK (gross > 2608) ) ; i j 


This Statement ensures that the value inserted for gross must be greater than 2000. 
When a check 


af constraint involves more than one column from the same table, it is specified ia 
ter all the col 


umns have been defined. For instance, Fi 


CREATE TABLE items i 
( icode char (5) NOT NULL PRIMARY KEY, ! 
descp char (20)  NOTNULL, 
rol integer, 
qoh integer, i | 
CHECK (ROL < QOH) Ja i Boal 


Eevee ane ren Perea m a 
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This statement compares two columns ROL and QOH, thus, these two columns must be des; 
wineg 


before this CHECK constraint. Check constraint can consist of : 
> A list of constant expressions specified using IN. For example, 
descp char (2@) CHECK o. , 
(descp IN ('NUT’, 'BOLT', ‘SCREW’, “WRENCH', 'NAIL') ) 
© Range of constant expressions specified using BETWEEN. The upper and lower bound 
ary 


values are included in the range. For example : 
price decimal CHECK (price BETWEEN 253.00 and 770.00) 
> A pattem specified using LIKE. For example, if we give a date in Char format then y 
, v 
may check : e 
ordate char (10) NOT NULL CHECK (ordate LIKE '- -/- -/---. Ay 
© Multiple conditions using OR, AND etc. For example, 
"HISSAR') OR 
"JAIPUR') OR 
"MOHALI') ) 


W 


(discount = 0.15 AND city 
(discount = 0.13 AND city 
(discount = @.17 AND city 


CHECK 4 


For example, in the following CREATE TABLE statement, EN 


CREATE TABLE Customer Please note that MySQL does 
(SID integer CHECK (SID>@), not enforce the CHECK 
Vast Name varchar (38), constraint although MySQL syntax 

a z . allows the definition of CHECK 
First_Name varchar(3@) ); constraint. As per MySQL docu- 


: : , ` mentation, ‘Check constraint gets 
= oauan or. 
Column SID has a constraint — its value must only include integers parsed but IGNORED’. 


greater than 0. So, attempting to execute the following statement, 


INSERT INTO Customer VALUES ("-3', 'Gonzalves', 'Linda' Ys 


should result in an error because the values for SID must be greater than 0. But you will find 
that your query is executed without checking the condition specified through CHECK 


constraint. The reason being MySQL ignores CHECK constraint internally. 


5. Foreign Key Constraint 
In an RDBMS, tables reference one another through common fields and to ensure validity of 
references, referential integrity is enforced. Referential integrity is a system of rules that a 
DBMS uses to ensure that relationships between records in related tables are valid, and that 
users don’t accidentally delete or change related data. Referential integrity is ensured through 
FOREIGN KEY constraint. This is implemented as explained in the following paragraph. 


Whenever two tables are related by a common column (or set of columns), then the related 
column(s) in the parent table (or primary table) should be either declared a PRIMARY KEY or 
UNIQUE key and the related column(s) in the child table (or related table) should have 


FOREIGN KEY constraint. For instance, if we have following two tables : 


J 


Items (Itemno, Description, Price, QOH) 
Orders (Orderno, Orderdate, Itemno, Qty) 


Underlined columns indicate 


CG prim 
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13° 
ot tables are related through common column Itemno. The column Itemno is primary 
goth the ont table Items and it should be declared foreign key in child table Orders to enforce 
m in par ntepritY ie, both the tables should be created as follows : 
tia 
refere” $ cart TABLE Items 
d ytemno char(5) NOT NULL PRIMARY KEY, 
A child table. 
) spre TABLE Orders e 
i TE Tarno Number (6, O) NOT NULL PRIMARY KEY, 
i a Te 
Ttemno char (5) REFERENCES Items (Itenno), primary hey of parent table. 
POR i 
Jj foreign key parent table's name 
ie that the related column Jtenmo in child table Orders has been declared foreign key 
ara REFERENCES clause. To enforce a foreign key constraint at column level, the syntax to | 
thro 
be followed is + 
SNT 
columnname datatype (size) REFERENCES tablename 
[(col umnname) ] [ON DELETE CASCADE] [ON UPDATE CASCADE]? 
Here the first columnname is the name of related column in child table and the columnname j 
appearing after REFERENCES clause is the name of related column in the parent table. The | j 


tablename after REF ERENCES clause is the name of parent table or primary table to which the 


column in current table is related. 
© If you skip the related columnname in parent table, then, by default MySQL will reference 


the primary key of parent table. 


o If you write ON DELETE CASCADE also, while defining foreign key constraint then in 
case a row or a tuple is deleted in parent table, all its related tuples or rows in the child table 


will automatically be deleted. 


© If you write ON UPDATE CASCADE also, while defining foreign key constraint then in 
case a row or a tuple is updated in parent table, allits related tuples or rows in the child table 


will automatically be updated. 


The foreign key constraint can also be applied through FOREIGN KEY table constraint, as 
shown below : 


CREATE TABLE Orders ( OrderID SMALLINT NOT NULL PRIMARY KEY, 

ModelID SMALLINT NOT NULL, 

ModelDescrip VARCHAR (40), 

SupplierID SMALLINT NOT NULL, 

FOREIGN KEY (Mode1ID) REFERENCES Models (Model1D) 

ON DELETE CASCADE ON UPDATE CASCADE, 

FOREIGN KEY (SuppLierID) REFERENCES Suppliers (SupplierID) 
ON DELETE CASCADE ON UPDATE CASCADE H 


TRICT will reject the operation ; NO ACTION will 
key dependent on it ; SET NULL will set NULL in 


n also use RE 
s' 
ow deletion i 


è Touca 
| ee 
e foreign key column 
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4 iraint 
Role of FOREIGN KEY/REFERENCES cons , l 
© It results into the rejection of INSERT (statement used to insert new data) or UPDATE 
(statement used to modify existing data) if a corresponding value does not currently Si 


in the primary table. (See Fig. 13.2) A CT i 
. i been set then upon deleting a tuple in t 
If ON DELETE CASCADE option has 
7 jabe all its related records in the child table get deleted. In the absence of this 
rejects the deletion operation if corresponding records in the child table exist, 
© The foreign key column in the child table must reference a PRIMARY KEY or UNIQUE 
column in the parent table. 


© Both the related columns (in parent table and in child table) should have the same data type. 


he Parent 


Clause, it 


© May reference to the same table in which it is being defined i.e., it may reference the same 
table name as in the CREATE TABLE command. 


Gross 
Let me check Ecode | Ename | Sex Grade | 1101 Brian M E3 12000 
why this error 1101 Brian M E3 | 12000 
occurred? 
Hmm! The reason 


behind it is the 


ae, DELETE FROM 


| 
| 

1102 Maithili Ẹ | M1 |_18000 | 
| 


7 M 24000 
violation of Kuenegre i M EE Error!! While 
REFERENCES | 24000 deleting 
constraint on 
Ecode column. 


l am foreign key in 


b= my table 
og?) Pcode | Decscrip | Ecode. 
WwW REFERENCES N PZ-01 | Sales Mgt | 1103 | 12711/2007 
= constraint on Fi 7104 | oaowe002 
g Ecode column PZ-02 Cue ee 
~ P2-03 Kushagra 1102 15/03/2002 
PZ-04 Vansh 1101 18/06/2002 


Figure 13.2 FOREIGN KEY/REFERENCE Constraint. 


(EERE Foreign Key and Storage Engine 


MySQL is capable of creating databases in many different storage engines that offer different features, The 
default storage engine is ISAM but ironically it does not su port foreign keys. So, if you find that your 
foreign key constraint are being ignored 
database tables to InnoDB storage engine. 


t not implemented, you need to change the storage engine of yout 


To do so you simply need to write following command for your connecting tables : 
ALTER TABLE <tablename> ENGINE = innodb F 
egu ALTER TABLE table1 ENGINE = innodb ; 


Once done, you can create and implement foreign keys for your tables. 


13.3.1B Applying Table Constraints 


When a constraint is to be applied on a group of columns of the table, it is called table 
constraint. The table constraints a 


; : dias a nee me hag vant 
ppear in the end of table definition. For instance, if vou W 
combination of icode and descp of table items to be unique, you may write it as follows : 
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poole A 


CREATE TABLE items 


( icode char (5) NOT NULL, 
descp char (20) NOT NULL, 
ROL integer, 
QOH integer, 
CHECK (ROL < QOH), 4 h al p 
UNIQUE (icode, descp) ) ; ge REE Ene Sommers 


The above statement ensures that the combination of icode and desc in each row must be unique. 
similarly, if you want to define primary key that contains more than one column, you can use 
pRIMARY KEY table constraint. For instance, if you want to declare a primary key for the table 


members as the combination of columns firstname and lastname, it can be done as follows : 
CREATE TABLE members 


(firstname char (15) NOTNULL, 
lastname char (15) NOT NULL, 
city char (28), 
ee eee i 
PRIMARY KEY (firstname, lastname) ) ; sie ca 


To define foreign key constraint for a group of columns, FOREIGN KEY table constraints 


should be used. For example, if a group of columns say orderno and items, is to be declared 
foreign key, it should be done as follows : 


CREATE TABLE Orders 
( Orderno Number(6, @) NOT NULL, 


Itemno char(5), 


FOREIGN KEY (Orderno, Itemno) REFERENCES OrdMaster (OrderNO, ItemNO) 


13.3.1C Assigning Names to Constraints 


By default, MySQL assigns a unique name to each constraint defined by you. MySQL names 
constraints as : 


Where n is an integer that makes the constraint name unique. For instance, SYS_C003217, 
SYS_C001592 ete. are constraint names generated by MySQL. However, you, yourself, can 
name a constraint created by you. This can be done as per following syntax : 


SYNTAX CONSTRAINT <name-of-constraint> <definition-of-constraint> 
For example, consider the following two CREATE TABLE statements : 


CREATE TABLE Items 
( Itemno char(5) CONSTRAINT p_Itemkey PRIMARY KEY, 


yä 
CREATE TABLE Orders 
( Orderno , 


CONSTRAINT Group_fkey_Orders FOREIGN KEY (Orderno, Itemno) 
REFERENCES OrdMaster (Order, Item#) ) 
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EXAMPLE 13,1 Create table Employee with the following structure : 


Name of Column | 10 | Fist Name | Last Name [User 10 | 
[Tye | Number(4) | Varchar(30) | Varchar(30) Varchar(10) | Number 


Ensure the following specification in created table : 
© ID should be declared as Primary Key <> User_ID should be unique 
> Salary must be greater than 5000. © FirstName & Last_Name must not remain blank. 


Solution. CREATE TABLE Employee 
( ID Number(4) NOT NULL PRIMARY KEY, 
First_Name Varchar(3@) NOT NULL, 
Last_Name Varchar(3@) NOT NULL, 
User_ID Varchar(1@) UNIQUE, 
Salary Number (9,2) CHECK (Salary > 508009) ); 


MySQL responds as ; Query OK, @ rows affected 


EXAMPLE 13.2 Create another table Job with following structure : 


Name of column Type 
Job_id Number(4) 
Job_des Varchar(30) 
Alloc_on Date 
Due_on Date 
Emp_id Number(4) 


Ensure the following specifications in the table : 
<> Job_id is the primary key <> Job_des, Alloc_on, Duc_on cannot be left blank. 
<> Emp_id is foreign key here that is related to ID column of earlier created table Employee. 


Solution. CREATE TABLE Job 
( Job_id Number (4) NOT NULL PRIMARY KEY, 
Job_Des Varchar(3@) NOT NULL, 
Alloc_on Date NOT NULL, 
Due_on Date NOT NULL, 


If you want to view the CREATE 


TABLE statement of an existing 
Emp_id Number(4) REFERENCES Employee (ID) ); table, you may write : SHOW 
CREATE TABLE <tablename> ;- 


MySQL responds as : Query OK, 0 rows affected 


13.3.1D Viewing a Table Structure 


e V e cre. Pi à: >? r. 0 
Once you have created a table, you may want to view its structure. Anytime, if you want t 
Í ) 


view an already created/existing table's structure, you may use DESC[RIBE command 
of MySQL ` Plus. . 


The syntax of this command is as follows : 


SYNTEAX DESC[RIBE] <tablenamey $ 
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col l 


fore xample, if you write 


DESC Pet ; 


DESCRIBE Pet ; i 
or ; 


MySQL will show you the complete structure of table named PET as shown below : 


| Field | Type 

y pane | varchar (20) | 
| owner | varchar(20) 

} species | varchar (20) i 
| sex | char(1) 

| birth | date 

į death | date 


Once you have created tables in your database, you can check the tables’ names in the database. 
To check what all tables are there in database, simply write : 


LES; 


wu 
U 


it will show you the names of all the tables in the database, 


13.3.1E Creating Table from Existing Table 


You can define a table and put data into it without going through the usual data definition 
process. This can be done by using SELECT statement with CREATE TABLE. 


The new table stores the result produced by the SELECT statement. The name of the new table 
must be unique. Following query illustrates th 


CREATE TABLE orditem AS x 
( SELECT icode, descp 
FROM items Bote n 
WHERE QOH < ROL 
Alternatively, you may also 


); write : SHOW COLUMNS FROM 


This will create <i sine iia <tablename> ; to view column 
ill create a new table called orditem that stores t Aetails'ot-ajtable: 


columns : ifemcode and description for the items that have their 

QOH less than ROL in the relation items. 

The newly created table Orditem will look as it is shown below : 
Table : Orditem 


Icode pated) ahs Descp 


106 | Cream Roll 


EEES 


The table Orditem has derived its contents from table items. 


lf you do not specify the WHERE clause, icode & desep from all rows ofhesiterrisrelution willbe yO 


“Pied into Orditem table. 


TI sie 
oh CREATE TABLE <table> AS SELECT... 
““isting tables, and for making smaller tables out of large 


is useful for creating test tables, new tables as copies 
tables. 


a a cee E EN.: 
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CREATING TABLES, 
INSERTING DATA IN TABLES 
aia 7 Progress in SQL 13.1 & 13.2 


~ ris 


Please check the practical component-book — Progress in Computer 
it there in PriS 13.1, 13.2 under Chapter 13 Ð 


* Science with Python and fi 
ofter practically doing it on the computer. 


Dorrie <<< 


13.4 CHANGING DATA WITH DML COMMANDS 
As you know that DML (Data Manipulation Language) division of SQL, is dedicated to 
manipulating data in one way or another. This section is going to talk about various DML 
commands that are used for changing data in tables. Of these commands, INSERT INTO 


command is used for entering data into tables. 


l Inserting Data into Table 
Values are placed in and removed from attributes of a relation with three DML commands : 


INSERT, DELETE and UPDATE. These are all referred to in SOL as update commands in a 
‘update” will indicate these commands generically and the 


13.4. 


generic sense, In our text, lowercase * 
uppercase for the keyword UPDATE. 


13.4.1A INSERT INTO Command 
The rows (tuples) are added to relations using INSERT command of SQL. In its simplest form, 


INSERT takes the following syntax : 


INSERT INTO <tabLename> [ <column List> ] 


VALUES ( <value>, <value»... ); 
For example, to enter a row into employee table (defined earlier), you could use the following 


statement : 
INSERT INTO employee 
VALUES (1061, 'Ravi', 'M', 'E4', 4670.00) ; 

See the order of values matches the order of columns in the CREATE TABLE command ot 


employee, The same can be done with an alternate command as shown below : 


INSERT INTO employee (ecode, ename, sex, grade, gross) 
VALUES (1001, ‘Ravi', 'M', 'E4', 4670.00) ; 
The INSERT statement adds a new row to employee giving a value for every column in the 
L D n be 


Note that the data values are in the same order as the column names in the table. Data ca 
added only to some columns in a row by specifying the columns and their data. 
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T 
po! lge 
; ce, if you want to insert only e 
for jnstan y y ecode, ename and sex columns, you use the command : 
INSERT INTO employee (ecode, ename, sex) 
qhe columns that are not listed in the INSERT command will have _'"_2" INSERT statement, only 
: ult value, if it is defined for them, otherwi , those columns can be omitted 
their defe rwise, NULL value. that have either default value 
If any other column (that does not have a default value and is defined or they allow NULL 
defined NOT NULL) is skipped or omitted, an error message is Y®'6S. 
generated and the row is not added. REET EETA 
pamPtE 13.3 Add the following data in the above Table (Employee) as instructed. 


First_Name | Last Name 

Dim Joseph Jdim 
Jagannath | Mishra jnmishra 
Siddharth Mishra smishra 
Shankar Giri sgiri 


Gautam Buddha bgautam 


(i) Populate table with first record mentioning the column list in the insert clause. 

(ii) Populate table with next tivo records without mentioning the column list in the insert clause. 
(iii) Populate table with 4!" record and enter only ID and First_Name. 
(iv) Populate table with 5" recorded and enter ID, User_ID, and Last_Name only. 


Solution. (i) INSERT INTO Employee (ID, First_name, Last_name, User_ID, Salary) 
Values (1, 'Dim', ‘Joseph’, 'Jdim', 5000) ; 


(ii) | INSERT INTO Employee } 
Values (2, ‘Jagannath’, ‘Mishra’, ‘jnmishra' , 4880) ; | 


INSERT INTO Employee 
Values (3, 'Siddarth', ‘Mishra’, 'smishra’, 8020) ; 


INSERT INTO Employee (ID, First_name) 
Values (4, 'Shankar') ; 


(iv) INSERT INTO Employee (ID, User_ID, Last_Name) 
Values (5, 'bgautam’ , ‘Buddha') ; 
As you know that following command is used to insert a new row with values for all columns of 
the table : 
INSERT INTO <tablename> 
VALUES (<value1>, <value2>.. arp i 
And the following INSERT INTO command allows you to insert a new row with values of select 
columns : 
INSERT INTO <tablename> (<columnnaric 
VALUES (<valuel>, <value2>.«+++) 3 


date-values and data from other table(s). Ee ot 


1>, <columnname2>..--. ) 


L : 
et us now lear how you can insert nulls, 
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13.4.1B Inserting NULL values 


To insert value NULL in a specific column, you can type NULL without quotes and NULL w; 
be inserted in that column. Consider the following statement : Will 


INSERT INTO EMPL (Empno, Ename, Job, Mgr, Hiredate, Sal, Comm, Deptno) 
VALUES (8100, 'YASH', 'ANALYST', NULL, '10-MAY-03', G@00, NULL, 28) ; 


See, for Mgr and Comm columns, NULL values have been inserted. 


13.4.1C Inserting Dates , 


Dates are by default entered in “YYYY-MM-DD’ format i.e., first four digits depicting yeq 
followed by a hyphen, followed by 2 digits month, followed by a hyphen and a two digit an) 


All this is enclosed in ‘single quotes. In the above two INSERT INTO Statements given in 


previous section, the dates (HIREDATE) have been given in the same format. 


! 
13.4.1D Inserting Data from Another Table 
INSERT command can also be used to take or derive values from one table and place them in 
another by using it with a query. To do this, simply replace the VALUES clause with an 
appropriate query as shown in the following example : 


INSERT INTO branch1 
j; SELECT * FROM branch2 í à 
This query will generate data to 
Ee 


It will extract all those rows from branch2 that have gross more than 7000.00 and insert this 
produced result into the table branch1. To insert using a query, the following conditions must be 
true : 
(i) Both the tables must be already created. 
(ii) The columns of the tables being inserted into, must match the columns output by the 
subquery. 


EXAMPLE 13.4 Insert into empl table, the employee numbers, names, and salaries of all those employees of Temp table 
that have completed 2 years. The structure of Temp table is as follows : 


Enum NOT NULL Number (4) 
Ename Varchar (10) 
Sal Number (7,2) 
Months Number (3) d 
Solution. mysql> INSERT INTO Empl(Empno, Ename, Sal) Issue a command COMMIT ; t0 
SELECT Enum, Ename, Sal make the changes to a table 
FROM Temp permanent. 


WHERE Months >= 24 ; 


13.4.2 Modifying Data with UPDATE Command 


Sometimes you need to change some or all of the values in an existing row. 
using the UPDATE command of SQL. The UPDATE command specifies the rows 


This can be don’ 


tobe changed 


Ah 
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using the WHERE clause, and the new data using the SET keyword. The new data can be a 


cified constant, an expression or data from other tables, For example, to change the reorder 
OL of all items to 250, you would write 


upDATE items 
SET ROL = 250 ; 


Ifyou want to change ROL to 400 only for those items that have ROL as 300, you use the command 


Updating Multiple Columns 


To update multiple columns, multiple column assignments can be specified with SET clause, 
separated by commas. All of the said assignments will still be made to the table, a single row at 
a time. To update the ROL and QOH for items having icode less than ‘1040’, we shall write 


Using Expressions in Update 


Scalar expressions can also be used in the SET clause of the UPDATE command. Suppose, if you want 
to increase the gross pay of all the employees by Rs. 900, you could use the following expression : 


Updating to NULL Values 


The NULL values can also be entered just as other values. For example, a new grade is to be 
introduced and all the employees with grade ‘Ed’ have to be promoted to it. But for the time 
being this grade is not known, thus NULL values are to be inserted for grades ‘E4’. This can be 
done as follows : ie _ 


loyees 
ymage = NULL Don't forget to issue COMMIT ; 

'Ed'; after making changes to your 
table. 


h DELETE Co 


situation where we no longer need some rows of 


While working with tables, we may reach at a Á 
vs. This can be done by using DELETE command. 


data. In such a case, we would like to remove such rov 


The DELETE command removes rows from a 
individual field values, so no field argument is needed or a 


takes the following general form : 


table. This removes the entire rows, not 
ccepted. The DELETE statement 


13.5 


13.5. 


13.5. 
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To remove all the contents of items table, you use the command : 
DELETE FROM items ; 


The table would now be empty and could be destroyed with a DROP TABLE com 
(covered later in the section 13.5.2). nad 
Even some specific rows from a table can also be deleted. To determine which rows are delet, 
you use a condition, just as you do for queries. For instance, to remove the tuples from empl at 
table that have gross less than 2200.00, the following command is used : Proyee 
DELETE FROM employee 
WHERE gross < 2200.00; 


MORE DDL COMMANDS 


As you know, the DDL division of SQL is responsible for defining, redefining, modifying, 
dropping various database objects. Uptil now, you have learnt to use different database objects 
This section is going to discuss some more DDL commands that prove very useful while 
redefining or dropping database object. 

You have already worked with one DDL command — the CREATE TABLE command in the 
beginning of the chapter. That is, you already know how to create tables along with constraints’ 
definition. This section is going to discuss DDL commands for altering tables, adding 
comments, enabling/disabling constraints, truncating tables, renaming objects, dropping tables, 
views and synonyms etc. Let us begin with ALTER TABLE command that is used to alter a 


table’s definition. 


1 ALTER TABLE Command 

When we define a system, we specify what data we need to store, the size and data type of that 
data. What can we do when the requirements change ? We can alter the tables to accommodate 
the changed requirements. 

The ALTER TABLE command is used to change definitions of existing tables. Usually, it can 
add columns to a table. Sometimes it can delete columns (depending on privileges) or change 
their sizes. In general, in MySQL SQL, ALTER TABLE command is used : 


© to add a column © to add an integrity constraint 


© to redefine a column (datatype, size, default value). 


1A Adding Columns 
Typically, the syntax to add a column to a table is as follows : 


SYNTAX 


ALTER TABLE <table name> ADD <column name> <data type><size> [<constraint name>] ; 
The new column will be added with NULL values for all rows currently in the table. It is 


generally possible to add several new columns, separated by commas, in a single com 
may be possible to drop or alter columns. Most often, altering columns will simply beam 
increasing their size. For instance, to add a new column fel_numiber of type integer in table 
you may give: 

ALTER TABLE Empl 

ADD (tel_number integer) ; 


mand. It 
atter of 
Empl 


13 : TABLE CREATION AND DATA p 
chop!?" ANIPULATION co 
IMMANDS, 


13.5 In table EMPL (Cha at $ 
PAMP rannani of seven digits and ton dan 9) add a column named THRI l 7 
wil dan integrity constraint that checks bled a column n DEAN Tone NUMBER 


tamed LOANCO, 
ofone att that load code shoul, DE of datatype CHAR with a siz 
f Solution. mysql> ALTER TABLE empl d be one Of these characters + ss Leg ha size | 
ADD ( thriftplan NUMBER( 7,2) i 
loancode CHAR(1 22), | 


) CHECK (loancode 
While adding columns, you can define th 


UNIQUE, PRIMARY KEY, referential į 
constraints) on existing columns using th 


INCE’, "Ch Ht, 
ese types of integrity ò 
ntegrity (REFERENCES 


PI i 
nstraints (NOT NULL, iy ! 
), DEFAULT and CHECK 
EYAMPLE 13.6 Jn table EMPL (Chapter 12, Table 12. 
with maximun of seven digits with 2 digits after de 
Solution. mysql> ALTER TABLE empl 


5), adda column named SPECIAL PAY of datatype NUMBER 
cimal and with a DEFAULT value of 2400. 


ADD(specialpay NUMBER(7,2) DEFAULT 2400) ; 


If you use the ADD clause to add a new column to the table, 
for the new column is NULL. You can add a column with a 
table that contains no rows. 


then the initial value of each row 
NOT NULL constraint only to a 


13.5.1B Modifying Column Defi 


You can use the MODIFY clause to change any of the following parts of a column definition : 
© datatype © size 
© default value © NOT NULL column constraint 
© Order of column 


The MODIFY clause need only specify the column na A 
ified f the definition, rather than the entire JOT NULL con: y t 
E ? ‘ table that contains no rows.. -$ 


itions 


Maaema maea seta 


Datatypes and Sizes 


You can change a CHAR column to 
contains nulls in all rows or if you do not a 
any column’s datatype or decrease any ee 
However, you can always increase the size © 
numeric column. 


Default Values 


VARCHAR and a VARCHAR to CHAR only if the column 
: ttempt to change the column size. You can ae 
mn’ size if all rows for the column contain nulls. 


HAR or VARCHAR column or the precision of a 


rons ESR 
A change to a column's default eae ee m any 
Subsequently inserted into the table. a 
change default values previously inser 


n contain nulls. = 


o the MODIFY 
l i i isting colurn using He 6 
Pl aan stye cea Stats However, you can pee 
The of te pee Wrs nig: TOT NULL c KEY, referential integrity, 
clause wiin the column cons 


nstraint syntax. 
e and the table cor 
{he ADD claus 


cther types of integrity const umn only if the col 


CHECK worse i te on existing C k 
You can » ¿© NOT NULL constr 
no nulls, 


umn contains 
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Order of Column 
With MODIFY clause you can also reorder the columns within a table. For this you need t 
FIRST or AFTER <colname> clause to specify the position of the column. To modify ioe Use 
columns of table, ALTER TABLE command can be used according to following syntax : Sting 


ALTER TABLE <tablenamna> 
DI fie ry $ F s nra cri are a 
MODIFY (columname newdatatype (newsize) ) [FIASTJAFTER column] ; 


To modify column Job of table Empl (Chapter 12) to have new width of 30 characters, you may giy. 
e: 


ALTER TABLE Empl 
MODIFY (Job char(3@) ) ; 
Similarly, if you want to reorder an existing column say ProjID to be the first column in th 
table Assignment, you may write : ; 
ALTER TABLE Assignment 
MODIFY ProjID INT FIRST ; 


EXAM PLE 13.7 In table EMPL, increase the size of the THRIFTPLAN column to nine digits : 


Solution. mysql> ALTER TABLE empl 
MODIFY(thriftplan NUMBER(9,2)) ; 


EXAMPLE 13.2 In table ACCOUNTS, modify the BAL column so that it has a default value of <. 


Solution. mysql> ALTER TABLE accounts Ros =m ame 
R + vn ® th 


MODIFY(bal DEFAULT @) ; i 
Please note that MySQL will 


EXAMPLE 13.9 Add a PRIMARY KEY data constraint on the column reject FOREIGN KEY constraint if 
supplier_no belonging to the table supplier_master. its database engine is” fot 
Solution. ALTER TABLE supplier_master INNODB. So your query involving 
i a FOREIGN KEY constraint may 

ADD PRIMARY KEY(supplier_no) ; be rejectedialóò; 


Changing a Column Name 
Sometimes you may need to change the name of one of your columns. For this you can use 


CHANGE clause of ALTER TABLE command as per following syntax : 
ALTER TABLE 
CHANGE [COLUMN] 0ld_col_name new_col_name column_cetinition ; 


For instance, to change the existing column namely First_Name of table Student, to FirstName 


you may write: anes 
See, complete column description is 


ALTER TABLE Customers ern given along with the new name. 


CHANGE First_Name FirstName VARCHAR (28) ; 


13.5.1C Removing Table Components 
then you may use the DROP clause of ALTE 


If you plan to remove a component of a table, i 
TABLE. The keywords mostly used with DROP clause of ALTER TABLE command are : 
Drops the table’s primary key constraint. 

Removes mentioned column from the table tle 
Removes the mentioned foreign key constraint from the ta 


MOTN TAR’ 
PRIMA I 


COLUMN <cclumnname> 


Sepi 


FOREIGN. KEY <censtraintname> 
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w consider the following examples : 
ALTER TABLE Empl 
DROP PRIMARY KEY, DROP FOREIGN KEY fk í DROP 
t, 


the above given ALTER TABLE statement, the 
and the column namely deptno 


COLUMN deptno ; 


ii primary key, the FOREIGN KEY constraint namely 
aul are all removed form the Empl table. 

B 10 Drop the primary key of the DEPT table, 
PL ý 


solution. mysql> ALTER TABLE dept ! | 
DROP PRIMARY KEY CASCADE 3 | | 
the CASC ADE option drops any 


pM 


foreign keys that reference the primary key. TER 


EXAMPLE 13.11 Drop the DNAME column of the DEPT table. 
Solution. mysql> ALTER TABLE dept 
DROP COLUMN dname ; i 


13.5.2 The DROP TABLE Command 


The DROP TABLE command of SQL lets you drop a table po ee 


from the database. The syntax for using a DROP TABLE | 
command is : | 


DROP TABLE [IF EXISTS] <tablename> 


1. Which command is used for creating 
tables ? 

2} What is a constraint ? 
constraints that you 
enhance database inte: 


ne some 


3, What is the role of UNIQUE constraint ? That is, to dr R ite : 
How is PRIMARY KEY contrat z ‘op a table items, you need to write : 


different from UNIQUE constraint ? DROP TABLE items ; | | 


4, What is primary key ? What is PRIMARY Once this command is given, the table name is no longer | 


KEY constraint ? recognized and no more commands can be given on that | | 
5. What is NOT NULL constraint ? What is object. 


See The IF EXISTS clause of DROP TABLE first checks whether 
6: ae ponang gs ie Sh ‘an the given table exists in the database or not. If it does, then it 
ieee SE drops the mentioned table from the database. For instance, 


inserted in database ? he followi 
rT uery : 
an defined with NOT NULL Consider the following query 


constraint, be skipped in an INSERT DROP TABLE IF EXISTS players ; ! 


7. Can a co 


command ? i 
§. How would you view the structure of The above query will first check for existence of players i i 
table Dept ? table in current database. If it exists, then it (table players) 
9 Table Empl has same structure as that will be dropped from the database. 
of table EMPL Write a query statement 
5 Insert data from table NewEmpl into 
MPL where salary and comm is more 
than Rs, 4000, 
10, What i; i | 
ìs th i wi L COMMANDS i 
T p pores Progress In Python 13.3 ; | 
2 “(pm i 
- EMPL ; eee m 7 
1 Wentity the error : This ‘Progress in Python’ session is aimed at laying string 
i y foundation of decision constructs. 
2, ; | 


Di te tae : 
ifferentiate between DDL and DML. : 


PAPE SSAA ETD RES ER MEDEA D SEG VALE DAYS EERE LARISA OS Ba 


t 


LET Us REVISE 


_ Serre 
% CREATE TABLE command is used to create tables in database. 


% INSERT INTO. command is used to insert data in the table. 


®& Nulls are inserted in the table by typing NULL without quotes. 
_% To insert data from other tables, subquery can be used inside INSERT INTO command. 


“= Existing data in tables can be changed with UPDATE command. 


“x To update a table with values coming from another table, UPDATE command can use subqueries. 


& Tuples in a table can be deleted usingELETE command. 

“= ALTER TABLE command is used to alter the definition of already created tables. 

&. With ALTER TABLE, new columns can be added, existing columns can be redefined. 
%& DROP TABLE command drops a table from a database. 


Ê )bjective Type Questions 
OT Qs 


Multiple Choice Questions 


Consider the following SQL statement. What type of statement is this ? 
CREATE TABLE employee (name:VARCHAR,, id INTEGER) 


(a) DML (b) DDL 
(c) DCL (d) Integrity constraint 
2. The data types CHAR(n) and VARCHAR(n) are used to create , and 
of string/text fields in a database. 
(a) Fixed, equal (b) Equal, variable 
(c) Fixed, variable (d) Variable, equal 


3. A table Table1 has two text fields defined as below : 


Name1 varchan(2@), 
Name2 char(2@), 
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length types 


If Name! stores value as ‘Ana’ and Name2 stores value as ‘Anuj’, then Name1 will consume _—— 


characters’ space and Name2 will consume characters’ space. 
(a) 3, 20 (b) 20, 4 
(c) 20, 20 (d) 3, 4 
+. Consider the following SQL statement. What type of statement is this ? 


INSERT INTO instructor VALUES (10211, ‘Shreya’, ‘Biology’, 66008); 


(a) Procedure (b) DML 
(c) DCL (d) DDL 


ABLE CREATION AND DATA MANIPULATION COMMANDS 


crop!" ist 
jn the given query which keyword has to be inserted ? 
& 
INSERT INTO employee (1002, Kausar, 28¢0) ; i 
(a) Table (b) Values (€) Relation (d) Field 
. Which of the following is/are the DDL statements ? i j 
i (a) Create (b) Drop (c) Alter (d) All of these 
7. In SQL, which command(s) is(are) used to change a table’s structure/ characteristics ? 
(a) ALTER TABLE (b) MODIFY TABLE 
(c) CHANGE TABLE (d) All of these ' 


pone defines rules regarding the values allowed in columns and is the standard mechanism 
forcing database integrity. 


for en! 
(a) Column (b) Constraint (c) Index (d) Trigger i 


9, Which command defines its columns, integrity constraint in create table : 


(a) Create table command (b) Drop table command 
(c) Alter table command (d) All of these 

10. Which command is used for removing a table and all its data from the database : 
(a) Create table command (b) Drop table command | 
(c) Alter table command (d) All of these 

11. Which of the following is not a DDL command ? | 
(a) UPDATE (b) TRUNCATE (c) ALTER (d) None of these 

12. Which of the following is not a legal constraint for a CREATE TABLE command ? 


(a) Primary key (b) Foreign key (c) Unique (d) Distinct 
Fill in the Blanks 


1. A database can be opened with <database> command. 
command. 


2. To list the names of existing database, you can use 
3. a set of fields. 


A ___ isa condition or check applicable on a field or 
4. The _____ constraint creates a foreign key. 
5 


| Issue command to make changes to a table permanent. 
use command x 


6 To increase the size of a column in an existing table, 


7. To remove table data as well table structure, use command 
constraint is used in CREATE TABLE. 


S$ 


To define a column as a primary key, —— —— 


True/False Questions 
; Constraints can be defined with CREATE TABLE command. 
5 Constraints can only be defined with CREATE TABLE command. 


= 


| 
| 
| 


Unique and Primary key constraints are the same. 
as DROP TABLE command. 


DELETE from <table> command is same 
e through UPDATE command. : 


Conditional updates in table data are possibl 


‘ore conan eT 


Answers for OTQs are given at the end_of the be 


k PE t 
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Solved Problems 
Lae aA 


Consider the table created in example 13.1. Perform the following on the same Empiowee table. 


l. For record with ID = 4 update record with Last_Name, User_ID and Salary. 
Solution. 
Update Employee 
SET Last_Name = 'Sahukar', 


$] USER_ID = ‘'skar', 

w Salary = 98800 

k WHERE ID=4; 

a 2. Make the changes permanent. 

a Solution. COMMIT ; 

` ‘ 3. Modify the Last_Name, of the employee 3, to Gautam. 
i t Solution. UPDATE Employee 

Eg SET Last_Name = 'Gautam' 

a WHERE id= 3; 

Fe 


ee à. Modify the Salary and increase it by 1000, for all who get salary less than 5000. 
i] Solution. UPDATE Employee 

SET Salary = salary + 1000 
t WHERE salary < 5008 ; 


wi 


Delete the en ployee record having First_Name as Siddharth, 
DELETE FROM Employee 
WHERE First_Name = ‘Siddharth’ ; 


3 


©. Remove the entire contents of the table. 


Solution DELETE FROM Employee ; 


3 
7. Drop table Employee2. 
Solution. DROP TABLE Employee2 ; 


3 
Bi 5. Add one column Email of data type VARCHAR and size 30 to the table Customer. 
pie Solution. ALTER TABLE Customer 

i ADD (Email Varchar(3@)) ; 

?. Change the data type of column pincode to VARCHAR(10) in the table Customer. 
Solution. ALTER TABLE Customer 


MODIFY(Pincode VARCHAR(1@)) ; 


Add a PRIMARY KEY constraint to the table Empl 
Solution. ALTER TABLE Employee2 


oyee2 using the EmpID column. 


ADD CONSTRAINT p_key PRIMARY KEY(EmpID) ; 
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gop! ! 
dd a FOREIGN KEY reference on the Employee? table that will ensure. that employee records with 
ih A „existent departments are to be prohibited, ; 
non > | ALTER TABLE Employee2 
“aia ADD CONSTRAINT frn_key(DeptID) REFERENCES Department ON DELETE CASCADE ; 
? Adda NOT NULL constraint to the table Employee? on column EmpName. 


ALTER TABLE Employee2 


ADD CONSTRAINT EN_NOTNULL 
(EmpName NOT NULL) ; 


Solubiel! 


13. AW examination ngent designs the following database tables to store the information ọn candidates who 
register for examination, 
l Table ; \ 


| Field Name Type | Width Description 
8 


CNUM Character Unique candidate number of the candidate where | 


the first three characters are the unique school code | 
of the candidate's school | 


CNAME Character 30 Name of the candidate 
DOB Date Date of birth of the candidate 


Field Name Type Description 
CNUM Character 8 Candidate number of the candidate who sits the 
examination of the subject 
SCODE Character 2 Unique subject code 
Table; < x 
Type Width Description 
Character 2 Unique subject code 
Character 30 Name of the subject j 


@) (i) Write an SQL command to create CAND. 
(ii) Which of the following can be a candidate key of CAND ? Explain briefly. 
(A) CNUM (B) CNAME + DOB 


(Œ) Identify the primary key(s) and foreign key(s) of REGISTER. 
(c) 


() Write an SQL command to increase the width of CNUM in CAND io 12. 
(ii) The Subject code and subject name of a new subject are 09 and LAW respectively. Write a SQL 
command to insert this record into SUBJECT. 


CREATE TABLE CAND 
C CNUM CHAR(8) PRIMARY KEY, 
CNAME CHAR(30) NOT NULL, 
DOB . Date NOT NULL 
); 
(ii) Candidate key of table CAND can be CNUM as it provides unique value for each row. 


m 


14. 


15. 
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(b) Primary key : SCODE ; Foreign key: CNUM (parent table : CAND) 
(c) (i) ALTER TABLE CAND (ii) INSERT INTO SUBJECT 
MODIFY (CNUM CHAR(3@)) ; VALUES(@9, "LAW") 


A database is created with the following SQL commands to store the subject scores of a class of student 
examination. REG_NO and SUBJ]_CODE represent the registration number of a student and the code of a 
subject respectively. So ache 

(a) Modify the first SQL command to ensure that no records in 


EXAM contain empty values in REG_NO and SUB]_CODE. REG_NO CHAR(6), 
R < SUBJ_CODE CHAR(3), 


_ SCORE NUMERIC(5, 1) ) 


pramana _ 


p TERN 
| CREATE TABLE EXAM( area | 


att 


(b) Identify the primary key(s) and foreign key(s) in the database. $ 


(c) Because ofa notification in the examination paper of the subject | 
code ENG, all students will be awarded two additional scores. CREATE TABLE STUDENT ( 


Write an SQL command to increase the value of SCORE by 2 | REG NO CHAR(6), 
in each relevant record. | STUD_NAME CHAR (22) ) 
(a) Describe the purpose of the following SQL command. | CREATE TABLE SUBJECT ( 
DELETE FROM STUDENT WHERE LEN(TRIM(STUD_NAME))=@ | SUB3J_CODE CHAR(3), 
Saton Í SUBJ_NAME CHAR(15) ) 
(a) CREATE TABLE EXAM ( 
REG_NO CHAR(6), NOT NULL, 
SUBJ_CODE CHAR(3), NOT NULL, 


SCORE NUMERIC(5, 1)) 


(b) Table Exam: Primary key:Reg_No Foreign key: Subj_Code (parent table : subject) 
Table Student: Primary key : Reg_No 
Table Subject: Primary key : Subj_Code 


(c) UPDATE EXAM (d) This command will delete all those 
SET SCORE = SCORE + 2 records from STUDENT table where 
WHERE SUBJ_CODE = ‘ENG’ ; STUD_NAME is cither empty or 
` contains just spaces. 


Using SQL statements in MySQL, create the tables identified below in the following order. 
Database name : Univ. Create database if needed. (Underlined columns depict primary keys.) 


Campus (CampusID, CampusName, Street, City, State, pin, Phone, CampusDiscount) 
Position (PositionID, Position, YearlyMembershipFee) 
Members (MemberID, LastName, FirstName, CampusAddress, CampusPhone, CampusID, 


PositionID, ContractDuration) 
Foreign Keys CampusID --> Campus (CampusID) 
PositionID --> Position(PositicnID) 
Table Structure Notes : 
© Use the proper naming convention for your constraints : 
Example : Constraint TableName_FieldName_ConstraintID (Campus_CampusID_PK) 
© Set up the Primary Keys for each table with Constraints listed. 
© Add Your Foreign Keys for cach table with your Constraints listed. 


® Make the data types for all the Primary Keys and their corresponding Foreign Keys as VARCHAR(). 


n 
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3: qaBLE C 
a $ o Yi | {l . s 
A Make the data iy} s Jor the YearlyMembershipFee DECIMAL, 7 digits maximum with 2 digits to 
. ihe right of the de cimal place. 
@ Make the dala type for ContractDuration INTEGER with 3 digits maximum for calculation purposes. 
@ Make te data type for CampusDiscount DECIMAL, 2 digits maximum with 2 digits to the right 
of the decimal place. 
solution: 
tabase Creation 
Di CREATE DATABASE IF NOT EXISTS UNIV ; 
USE UNIV 5 
creating Table Campus 
CREATE TABLE Campus ( 
CampusID VARCHAR(5) , 
CampusName VARCHAR (102), | 
street . VARCHAR (108) , | 
city VARCHAR (128) , 
State VARCHAR (188), 
Pin VARCHAR (6) , 
Phone VARCHAR (18), Í 
CampusDiscount DECIMAL (2,2) ) ; 
ALTER TABLE Campus ADD CONSTRAINT i 
Campus_CampusID_PK PRIMARY KEY (CampusID) ; 
Creating Table Position 


CREATE TABLE Position ( 

PositionID VARCHAR(5) , \ 
Position VARCHAR(190) , 
YearlyMembershipFee DECIMAL (7,2) ) ; 

ALTER TABLE Position ADD CONSTRAINT 
Position_PositionID_PK PRIMARY KEY (PositionID) ; 


Creating Table Members 
CREATE TABLE Members ( 


MemberID VARCHAR(S) , 

LastName VARCHAR( 18) , 
FirstName VARCHAR(16@) , 

CampusAddress VARCHAR(1@8) , 

CampusPhone VARCHAR(100), 

CampusID VARCHAR(5), 

PositionID VARCHAR(S) , 


ContractDuration INTEGER 3 


ALTER TABLE Members ADD CONSTRAINT 
Members MemberID_PK PRIMARY KEY (MemberID) ; 


ALTER TABLE Members ADD CONSTRAINT 
Members _CampusID_FK FOREIGN KEY (CampusID) REFERENCES Campus 5 


PN TABLE Members ADD CONSTRAINT 
embers _PositionID_FK FOREIGN KEY (PositionID) REFERENCES Position ; | 


590 COMPUTER SCIENCE WITH PYTHON 
~ xi) 


What is the following command doing ? 


ALTER TABLE Persons 
ADD CONSTRAINT chk_Person CHECK (P_ID>@ AND City = 'Shimla') ; 


lution. The given command is adding a CHECK constraint namely chk_person in table Perso: 
that will ensure that P_ID should always be greater than 0 (zero) and city should always be Shimla” 


Given a statement as follows. 


CREATE TABLE Orders 
(| O_Id int NOT NULL, 
OrderNo int NOT NULL, 
P_Id int, 
PRIMARY KEY (0_Id), 
FOREIGN KEY (P_Id) REFERENCES Persons(P_Id) ) ; 
Identify the number and types of constraints in the table Orders. 


There are four constraints defined in Orders table as per above statement: 


> Two NOT NULL constraints for columns O_Id and P_Id 
One PRIMARY KEY constraint for column O_Id. 
> One FOREIGN KEY constraint for column P_Id. 
Write an SQL statement to create a PRIMARY KEY constraint on the “P_Id” column of table Persons, when 


the table is already created. 

ALTER TABLE Persons 
ADD PRIMARY KEY (P_Id) 
9, What is the following query doing ? 


ALTER TABLE Persons 


DROP PRIMARY KEY ; 
ion, The given statement drops the PRIMARY KEY constraint in table Persons. 


On your MySQL server instance, there is a database Mydb that contains three tables namely class, marks, 
sports. To delete all the tables and database, following set of commands is issued, but it generates errors. What 


Solutio 


could be the problem ? 

DROP DATABASE mydb ; 

DROP TABLE class ; 

DROP TABLE marks ; 

DROP TABLE sports ; 

‘ion. The first statement drops the database. When a database is dropped, all its components 

such as tables etc., also get dropped. Thus, with the first statement the tables also get dropped along 
vith the database and no more exist. So the next three DROP TABLE statements are redundant and 


are not required. 


OSSARY 


Data Description Language Subset of SQL commands that are used to describe various entities of datab 


Data Manipulation Language Subset of SQL commands that are used to manipulate data in tables. 
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Assi 

= 

Type A i 
j}. What are different divisions of SQL and commands ? Give examples of commands in each division. 

What is foreign key ? How do you define a foreign key in your table ? 

How is FOREIGN KEY commands different from PRIMARY KEY command ? 

4, How is FOREIGN KEY commands related to the PRIMARY KEY ? 

How do you enforce business rules on a database ? 


gnments 


nswer Questions/Conceptual Questions 


w 


What are table constraints ? What are column constraints ? How are these two different ? 
What is default value ? How do you define it ? What is the default value of column for which no default 
yalue is define ? 


Differentiate between : 
(i) DROP TABLE, DROP DATABASE (ii) DROP TABLE, DROP clause of ALTER TABLE. 


on Based Questions 

Insert all those records of table Accounts into table Pending where amt_outstanding is more than 10000. 
2, Increase salary of employee recrods by 10% (table employee). 

Give commision of Rs. 500 to all employees who joined in year 1982 (table Empl). 

4, Allocate the department situated in BOSTON to employee with employee number 7500 (tables EMPL, Dept) 


5, Given the following tables : 
OrdNo, Ord_date, ProdNo#, Qty) 
(Prodio, Descp, Price) 


Write a query to delete all those records from table Orders whose complete payment has been made. 


6. Enlist the names of all tables created by you. 
7. Write Query statements for following transaction : (Consider tables of question 12) 


(i) Increase price of all products by 10%. 
(ii) List the details of all orders whose payment is pending as per increased price. 
(iii) Decrease prices by 10% for all those products for which orders were placed 10 months before. 


5. Modify table Empl, add another column called Grade of VARCHAR type, size 1 into it. 
In the added column Grade, assign grades as follows : 
if sal is in range 700-1500, Grade is1  ; 


r if sal is in range 2200 -3000, Grade is 3. ; 
i0. Add a constraint (NN-Grade) in table Emp! that declares column Grade not null. 


© Insert a record of your choice in table Empl. Make sure not to enter Grade. 
Modify the definition of column Grade. Increase its size to 2. 


Drop the table Empl. 
Create the table Department table based on the following table instance chart. 


if sal is in range 1500 —2200, Grade is 2 
if sal is in range 3000 ~ Grade is 4 


Column Name 


Data Type NUMBER VARCHAR 


Length 8 


25 


15. Populate the table Department with data from tab 
16. Create the table Employee based on the following 


table instance chart. 


COMPUTER SCIENCE WITH PYTHON _ xI 


e dept. Including only required columns. 


lumn Name ID First_Name Last_Name Dept_ID | 
Data Type NUMBER VARCHAR VARCHAR NUMBER | 
Length 8 25 25 8 | 


17. Drop table Employee and Department. 
18. Create table Customer as per following Table Instance Chart. 


Column Name | Cust_ID |Cust_Name | Cust_Address1 | Cust_Address2| Pincode | Cust_Phone 

Datatype NUMBER | VARCHAR VARCHAR VARCHAR NUMBER | VARCHAR 
Eul 

Length 7 30 20 30 6 10 


19, Add one column Email of data type VARCHAR and size 30 to the table Customer. 
20. Add one more column CustomerIncomeGroup of datatype VARCHAR(10). 
21. Insert few records with relevant information, in the tab 


le. 


22. Drop the column CustomerIncomeGroup from table Customer. 


23. Create table Department as per following Table Instance Chart. 


Column Name DeptID DeptName 
Key Type Primary 
Nulls/Unique NOT NULI, sl 
Datatype NUMBER VARCHAR 
Length 2 20 
24. Create table Employee as per following Table Instance Chart. 
| Column Name |EmpIiD EmpName |EmpAddress |EmpPhone |EmpSal DeptID 
Key Type Primary Foreign 
Nulls/Unique NOT NULL 
Fk Table Department 
Fk Column Dept_ID 
Datatype NUMBER VARCHAR — |VARCHAR |vaRCHAR NUMBER EHAR 
| Length 6 20 30 10 9,2 2 | 


25, View structures of all tables created by you. 


Grouping Records, 
Joins in SQL 


14.1 Introduction 

14.2 Types of SQL Functions 

14.3 Grouping Result - GROUP BY 
14.4 Joins 


14.1 INTRODUCTION 


You have worked with basic SQL commands in your previous class and used database MySQL. 
This chapter will talk about some SQL commands in details. After this chapter, you shall be able 


to display groups of records, summary of groups of records and display selected groups of 
records, 


14.2 Types of SQL FUNCTIONS 
Now 


SQL 
follo 


that you have learnt different types of functions, let us talk about their broad categories. 
Supports many and many functions. All these functions can be generally categorized into 
Wing fio types : 

> Single Row (or Scalar) functions. 

> Multiple Row (or Group or Aggregate) functions. 

( 


) Single Row functions work with a single row ata time. A single row function returns a 
: Tesult for every row of a queried table. 

(ii) Multiple Row or Group functions work with data of multiple rows at a time and return 
aggregated value. 


Examples of multiple row functions are the group functions that you have learnt in 
Previous section i.e., sum( ), count( ), max( ), min( ), Avg( ) ete. 


14.3 


14.3. 
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The difference between these two types of functions is in the number of rows they act 


i i upon, 
single row function works with the data of a single row at a time and returns a single result Z 
each row queried upon ; a multiple row function works with a group of rows and returns a 
single result for that group. 
GROUPING RESULT — GROUP BY 
The GROUP BY clause combines all those records that have identical values in a Particular fielg 
or a group of fields. This grouping results into one summary record per group if group- 
functions are used with it. In other words, the GROUP BY clause is used in SELECT statements 
to divide the table into groups. Grouping can be done by a column name, or with aggregate 
functions in which case the aggregate produces a value for each group. 
For example, to calculate the number of employees in 
each grade, you use the command a a eae + 
I job | countys) | 
SELECT job, COUNT(*) +------------ fete Suee i 2 
FROM empl l ANRERST d 2 \ 
GROUP BY job ; | ‘CLERK | 4 l 
| MANAGER | 3 i 
GROUP BY applies the aggregate functions | PRESIDENT | 1 | 
independently to a series of groups that are defined | SALESMAN | 4 | 


by having a field value in common. 


Now consider the following query, which is also grouping records based on deptno, 


mysql> SELECT deptno, COUNT(*), SUM(sal) 
FROM emp1 
GROUP BY deptno ; 


+------------ +---------- +t------------ + 
I deptno | COUNT(*) |  SUM(sal) | 
t------------ +---------- +------------ + 
\ 10 \ 3 | 8750.00 | 
l 20 \ 5 1 10885.00 | 
l 30 l 6 1 9400.00 4 
to----------- +---------- + 


As you can make out that the above query is displaying count of records and sum of salaries in 
each group and the groups are formed on the basis of deptno. Thus, from the above output, you 


can make out that in department number 10, there are 3 employees (records) and total of all 
salaries is 8750.00 ; in department number 20, there are 5 employees and total of salaries 1$ 
10885.00 ; and so on. 


1 Nested Groups — Grouping on Multiple Columns 
With GROUP BY clause, you can create 
Nested grouping. This can be done by s 
determines the highest group level, th 
The last field determines the lowe: 


groups within groups. Such type of grouping is ae 
pecifying in GROUP BY expression, where the first fe 


n. 
ne second field determines the second group level, and 0° 
st level of grouping. 


In order to fully underst: 


and this concept, consider Table 12.1 empl, Chapter 12. 


chop! 


ING RECORDS, JOINS IN SQL 


er 14: GROUP! 
there are multiple records having same value for field Deptno, we can group records on the 
Ra of field Deptno. For instance, if you want to count the number of employees in each group, 
pasi need to issue a query statement as given below : 
u 
yo ee : 
SELECT COUNT (empno) FROM empl Icount (empno) | 
GROUP BY Deptno ; poo--------- --+ 
l 3 | 
\ 5 1 
And the result produced by this query is i l _ Z ae : 


ou make out, these are employee-counts for which departments ? To get this 


But can y i , 
information, you may modify the SELECT list as : 
+--------- teal + 
SELECT Deptno, COUNT(empno) | deptno | count(empno) | 
FROM empl tan seseTee eS RTA T 
Y Deptno ; k GO ! 3 
GROUP B p 3 peer 3 i 
1 30 I 6 i 
Now the result will be : AEA OSOE ENE g 


See, now it is more clear. But one thing that you should keep in mind is that while grouping, 
you should include only those values in the select list that either have the same value for a 
group or contain a group (aggregate) function i.e., a group-expression. Like in the above 
query, the first expression Deptno field has one (same) value for a group and the other 
expression COUNT(empno) contains a group function. 


MySQL as such would not create any error even if you include a non-group expression in the 
select-list. A non-group field (or expression) is the field that has different values in the rows 
belonging to the group. 


In this case, it will return the value from first record of the group for that non-group field e.g., if $ 
you issue command like : 


SELECT deptno, count(empno), mgr 4—— This is non-group field as it has 


mul 


le values for a group. 


FROM empl 
GROUP BY deptno ; 
The output returned will be : 


Prise sSsSSsens= fe--=-- + 
|l deptno | field ; first record of group with depmo 20 has 8902 in mgr field ; 
Hose ox i ounttempne) and first record of group with deptno 50 has value 8693 in mgr 
Roos. A A {, LY field. Hence this output. 
| 3 
l 20 | 5 
l 30 
aeee T FFE | 6 
“tsesen F A + 
To create In the select list of a group, only 
Specify a group within a group i.e., nested group, you need to those fields or expressions state f 
have a oe fields in the GROUP BY expression. If you be included that either return 
a lo 


Ok at the records of Empl table, you can make out that aid a group or are 
S| ‘ aa a erwise yor 
a tS a group of jobs within the department group as there get authenti Yar cnay nat 
ame values f i i get authentic results, 

s for Job field, in one department group's records. ; i 


there exi 
are g; 
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To group records job wise within Deptno wise, you need to issue a query statement like : 


SELECT Deptno, Job, COUNT (empno) 
FROM empl 


GROUP BY Deptno, Job ; 


And the result produced is : 


=- + 
| deptno | job | count(empno) | 
+-------- Ho eee SS +--------------- + 
\ 10 | CLERK | 1 1 
\ 10 | MANAGER 1 1 | 
l 10 | PRESIDENT | 1 | 
\ 20 \ ANALYST 1 2 1 
1 20 | CLERK 1 2 | 
\ 20 | MANAGER | 1 | 
\ 30 | CLERK 1 t 1 
| 30 | MANAGER 1 1 | 
\ 30 | SALESMAN | 4 1 
+ 


14.3.2 Placing Conditions on Groups — HAVING Clause 


The HAVING clause places conditions on groups in contrast to WHERE clause that places 
conditions on individual rows. While WHERE conditions cannot include aggregate functions, 
HAVING conditions can do so. 


For example, to calculate the average gross and total gross for employees belonging to ‘E4 grade, 
the command would be : 


SELECT AVG(gross), SUM(gross) 
FROM employee 


GROUP BY grade 
HAVING grade = ‘E4’ ; —~ 


applicable on group and not 
on individual rows 


To display the jobs where the number of employees is less than 3, you use the command : 


SELECT JOB, COUNT(*) 
FROM empl 


GROUP BY job 
HAVING count(*) <3 ; 


This will produce the following output : 


| ANALYST 1 
$ | PRESIDENT | 


E 2 rows in set (0.11 sec) 


14: GROUPING RECORDS, JOINS IN SQL 
rl: 


VING clause can contain eith im 

qhe H A Ither a simple boolean expression (i i 

cay j SION (Le. 

condition that results into true or false) or use aggregate fion in the ER : 


include more than one condition i 
you can inc: condition in HAV , : 
ors. Consider this : ING clause, of course, by using logical 


operat 
SELECT Deptno, AVG(Comm), AVG(Sal) 
FROM empl 
GROUP BY Deptno 
HAVING AVG(Comm) > 75@ AND 
AVG(Sal) > 2000 ; 
Also, you can use an aggregate function in the HAVING clause even if it is not in the SELECT 
jist. Consider the following query to understand this : 
SELECT Deptno, AVG(Sal) 
FROM empl 
GROUP BY Deptno 
HAVING COUNT(*) <= 3 5 
You can also use IN or BETWEEN operators with HAVING clause. Following two queries 
illustrate this : 
SELECT Deptno, Job, AVG(Sal) 
FROM emp1 
GROUP BY Deptno, Job 
HAVING JOB IN ( ‘CLERK’ , SALESMAN? ) ; 
SELECT Deptno, Job, SUM(sal) 
FROM emp1 ü 
GROUP BY Deptno, Job 
HAVING SUM( sal) BETWEEN 3000 AND 7088 ; 


14.3.3 Non-Group Expressions with GROUP BY 
As mentioned before, if you include a non-group expression 
GROUP BY, MySQL will not produce any error. Rather it will pick value of the specified 
non-group field from the first row of the group. But we do not recommend this practice because it 
will produce ambiguous results. For instance, consider the following query and its output. 
mysql> SELECT ename, sum(sal) 
FROM empl 


GROUP BY deptno ; 


in the select-list of a query with 


| E peeenenenn- + 
f | ename | sum(sal) | 
| +t-------- +---------- + 
| | AMIR | 8750.00 | 
! | SMITH | 10885.00 | 
} | ANYA | 9400.00 | 

penne +---------- + 


See, isn’tit conveying that AMIR’s salary-sum is 8750.00, SMITH'S 
Thus, we recommend not to use non-group expressions in GROUP BY query unless otherwise 


necessary. 


ba 
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14.4 JOINS 


A join is a query that combines rows from two or more tables1. In a join-query, more than one 
table are listed in FROM clause. The function of combining data from multiple tables is called 


joining. 
an 7 produce data from several related tables by performing Table Structures 
either a physical or virtual join of the tables. A. Billed 
The WHERE clause is most often used to perform the JOIN function ~ Bill_No 
where two or more tables have common columns. Patient. No 
Consider the following example : Item_Code 
SELECT patient_no, description, normal_charge, charge Charge 
FROM billed, item #—______————_ tables being joined 
WHERE billed.item_code = item.item_code ; E cs B. Item 
n — x Ž ion condition N 
The above query is joining two tables billed and item (see their Description 


structures on the left) by equating their item_codes. The select_list VERAT 
consists of fields coming from both the tables. When two or more ormal_Charge 
tables have a column with the same name, the name can be qualified 
by using the table name combined with the period (.) in referring to 
the column, e.g., billed.patient_no. Note that columns with unique 
names do not have to be qualified by the table name. 


In unrestricted join or 
4.4.1 Coresion Product Cartesian product of two 


. z à tables, all possible concate- 
Consider the following query : nations are formed of all rows 
of both the tables. 


SELECT * 


This query will give you the Cartesian product i.e., all possible concate- 
nations are formed of all rows of both the tables EMP and DEPT. 
That is, when no particular rows (using WHERE clause) and columns 
(through SELECT list) are selected. Such an operation is also known 


Table Structures 


C. Treats 
as Unrestricted Join. It returns n1x n2 rows where n1 is number of 
pe Z > Phy_Id 
rows in first table and n2 is number of rows in second table. ya 
Patient_No 


14.4.2 Table Aliases Procedure_No 
A Table Alias is a temporary label given along with table name in Date_Treated 
FROM clause. 


Treat_Result 
To cut down on the amount of typing required in your queries you 


can use aliases for table names in the SELECT and WHERE clauses. 


Consider the following join query. Consider the example 12.1, DL RSE 
Phy_Id 
EXAMPLE 14.1. List the patients who had either Dr. N. Pand r, A 
; : paN. ya, Dr. A. Sapra, , 
Dr. Suleman Rashid, Dr. Keith John as physician, [Dr. N. Pandya has physician i as ial 
8883, Dr. Sapra as 8887, Dr. Rashid as 8886 and Dr. John as 8882]. Phy_Name 


(see table structures on the left) 


i, Ajoin can combine views also. A view 


is a stored query that appears like a table and can be used like a table. 


SELECT DISTINCT patient_no, phy_id 
FROM treats 
WHERE phy_id IN (8887, 8886, 8883, 8882) ; 


The above example 12.1 where the query listed the PATIENT_NO and PHY_ID, but not the 
PAT_NAME of PHY_NAME fields. The following query joins the PATIENT, PHYSICIAN, and 
TREATS tables to produce the desired information. The query also demonstrates the use of an 
ALIAS for a table name - here we have three aliases (PA, PH, and TR), one for each table. 


EXAMPLE 14.2. List which patient was treated by which physician. Also list their ids along with their names. (see 
sable structures on the left) 
SOLUTION. 
SELECT DISTINCT PA.patient_no, pat_name, PH.phy_id, phy_name 
FROM patient PA, physician PH, treats TR 
WHERE PA.patient_no = TR.patient_no AND 
PH. phy_id = TR. phy_id AND 
PH. phy_id IN (8887, 8886, 8883, 8882) ; 


14.4.3 Equi-Join and Natural Join 


Equi-Join The Join, in which columns 
q : are compared for equality, is 


Anon-equi-join is a query that specifies some relationship other than called Equi-Join. 
equality between the columns. 

The Join in which only one of the identical columns (coming from 

joined tables) exists, is called Natural Join. The join ih which oalvione ot 


The Equi-Join and Natural Join are equivalent except that duplicate the identical columns (coming 
columns are eliminated in the Natural Join that would otherwise from joined tables) exists, is 


+ igen called Natural Join. 
appear in the Equi-Join. 


The Join, in which columns are compared for equality, is called 


EXAMPLE 14.3. Display patient_no, the date when helshe is discharged and the charge paid by him/her. 


SOLUTION. 
SELECT billed.patient_no, date_discharged, charge 
FROM billed, patient 
WHERE patient. patient_no = billed.patient_no ; 


The above query shows the PATIENT_NO and DATE_DISCHARGED from the PATIENT table 


and the associated CHARGE from the BILLED table. 


14.4.4 Additional Search Conditions in Joins 


you can filter information from joined table by incorporating 


Once you have joined tables, 
additional search conditions. 


Refer to example 14.4 given below. 


N 
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EXAMPLE 14.4, Display details like department number, department name, employee number, employee name, job 
and salary. And order the rows by employee number with department number. g 


SOLUTION. 
SQL> SELECT EMP.DEPTNO, DNAME, EMPNO, ENAME, JOB, SAL 


FROM EMP, DEPT 
WHERE EMP . DEPTNO = DEPT .DEPTNO - - join on DEPTNO 


ORDER BY EMP.DEPTNO, EMPNO ; 


If you want to extract such information only for SALES department, you can do so by giving a 
query similar to the one given in example 14.5. 


EXAMPLE 14.5. Refer to example 14,4. Do this only for SALES department. 


SOLUTION, 


SQL> SELECT E.DEPTNO, DNAME, EMPNO, ENAME, JOB, SAL 
FROM EMP E, DEPTD 
WHERE E.DEPTNO = D.DEPTNO 
AND DNAME = ‘SALES’ 
ORDER BY E.DEPTNO, EMPNO ; 


And now the output produced will be : 


DEPTNO DNAME EMPNO ENAME JOB SAL 

| 30 SALES 7499 ALLEN SALESMAN 1600 
| 30 SALES 7521 WARD SALESMAN 1250 
30 SALES 7654 MARTIN SALESMAN 1250 

, 30 SALES 7698 BLAKE MANAGER 3750 
30 SALES 7844 TURNER SALESMAN 1500 

30 SALES 7900 JAMES CLERK 950 


6 rows selected. 


Consider one more example. 


EXAMPLE 14.6, Display details like department number, department name, employee number, employee name, job, 
and salary. And order the rows by employee number with department number. These details should be only for 
employees earning atleast Rs. 1500 and of SALES department. 


SOLUTION. 


SQL> SELECT E.DEPTNO, DNAME, EMPNO, ENAME, JOB, SAL 
FROM EMP E, DEPT D 
WHERE E.DEPTNO = D.DEPTNO 
AND DNAME = ‘SALES’ 
AND SAL >= 1500 
ORDER BY E,DEPTNO, EMPNO ; 


pa 
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EMPNO ENAME J08 SAL 


30 SALES 7499 ALLEN SALESMAN 1600 
30 SALES 7698 BLAKE MANAGER 3750 
30 SALES 7844 TURNER SALESMAN 1500 


So, finally you know that a join query combines columns of one table to that of another to create 
asingle table. A join query matches up a column with one table to a column in another column. 
A join query does not alter either table, but temporarily combine data from each table to be 


viewed as a single table. 


LET US REVISE 


The GROUP BY clause combines all those records that have identical value in a particular field or a group of fields. 
GROUP BY clause is used to divide the result in groups. 


& A group within another group is called Nested Group. 


Nested grouping can be done by providing multiple fields in the GROUP BY expression. 


4, All fields containing a NULL value are considered to have a value and are grouped to have a value and are grouped 
with the fields containing non-NULL values. 


4; The SELECT list of a group can include expressions returning single value per group or constants, 
The HAVING clause is used to specify filtering condition for groups. 


& The difference between WHERE and HAVING clause is that WHERE conditions are applicable on individual rows 
whereas HAVING conditions are applicable on groups as formed by GROUP BY clause. 


« The Join, in which columns are compared for equality, is called Equi-Join. 


Cpriective Type Questions 
candied OTQSs 


O 
i 


—— is a query that retrieves rows from more than one table or view: 

- (a) Start (b) End (c) Join (d) All of these 
= The HAVING clause does which of the following ? 

(2) Acts EXACTLY like a WHERE clause. 

(b) Acts like a WHERE clause but is used for columns rather than groups. 

(c) Acts like a WHERE clause but is used for groups rather than rows. 

(d) Acts like a WHERE clause but is used for rows rather than columns. 


Shi : 
Aseregate functions can be used in the select list or the clause of a select statement. They 
annot be used in a clause. 
(9) Where, having (b) Having, where 


(c) Group by, having (c) Group by, where 


602 


mn 


9, 


i) 


an 
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SQL applies conditions on the groups through clause after groups have been for 
) Group by (È) With 
(c) Where (d) Having 
Which clause is used with “aggregate functions” ? 
{a) GROUP BY (b) SELECT 
(c) WHERE (d) Both (a) and (c) 


What is the meaning of “HAVING” clause in SELECT query ? 
(a) To filter out the summary groups 
(b) To filter out the column groups 
(c) To filter out the row and column values 
(d) None of the mentioned 
Where and Having clauses can be used interchangeably in SELECT queries ? 
(a) True (b) False 
(c) Only in views (c) With order by 
The operation whose result contains all pairs of tuples from the two relations, regardless of 
whether their attribute values match. 


(a) Join (b) Cartesian product 
(c) Intersection (d) Set difference 
Which SQL function is used to count the number of rows in a SQL query ? 
(a) COUNTY ) (b) NUMBER( ) 
(c) SUM( ) (d) COUNT(*) 
Which of the following is not an aggregate function ? 
(a) Avg (b) Sum 
(c) With (d) Min 
All aggregate functions except ignore null values in their input collection. 
(a) Count(attribute) (b) Count(*) 
(c) Avg (d) Sum 
Which of the following is a SQL aggregate function ? 
(a) LEFT (b) AVG 
(c) JOIN (d) LEN 
Which of the following group functions ignore NULL values ? 
(a) MAX (b) COUNT 
(c) SUM (d) All of the above 
The functions which work with individual rows’ data are called function. 
(a) Single row (b) Multiple rows 
(c) Aggregate (d) None of these 
Function count( ) is a/an function. 
(a) Single row (b) Multiple rows 
(c) Aggregate (d) None of these 


OUPING BEC ORDS, JOINS IN SOL 


1 GR 


if used in a condition, is used with _ clause 
(b) With 
(d) Having 


the sum( ) 


q) Group PY 
(o) Where 


ah clause can 


t be used with “aggregate functions” ? 


\7. whi , 

(u) GROUP BY (b) SELECT 

(q) WHERE (d) Both (a) and (c) 
Wh the meaning of “WHERE” clause in a GROUP BE query ? 
P (a) To filter out the summary groups 


(b) To filter out the column groups 
(c) To filter out the row and column values before creating groups 
(d) None of the mentioned 
The following SQL is which type of join : 
SELECT CUSTOMER. CUST_ID, ORDER.CUST_ID, NAME, ORDER _ID 
FROM CUSTOMER,ORDER 
RE CUSTOMER. CUST_ID=ORDER.CUST_ID? 
(b) Natural join 
(d) Cartesian product 


(a) Equi-join 
(c) Outer join 
20. The following SQL is which type of join : 
SELECT CUSTOMER. CUST_ID, ORDER.CUST 
FROM CUSTOMER,ORDER 


, NAME, ORDER_ID 


(b) Natural join 


(a) Equi-join 
(d) Cartesian product 


(c) Outer join 
21. Which product is returned in a join query have no join condition : 
(b) Cartesian product 


(a) Equijoins 
(d) None of the mentioned 


(c) Both (a) and (b) 
22. Which is a join condition contains an equality operator : 
(b) Cartesian product 


(a) Equijoins 
(c) Both (a) and (b) (d) None of the mentioned 


n the Blanks 
1 A 
To Specify condition with a GROUP BY clause , 


20, 
3 i —— functions are used with GROUP BY. 
` — is a means for combining fields from two tables by using values common to each. 


clause is used 


4, bs 
The qui join uses 


operator in the join condition. 


5. Natural inn. s+ : 
tural join joins two tables on the basis of a _— field. 


6 
~ Ahe S¢ IL ree p f 
uilt-in fun i als values in numenc colum: S. 
ction tot; ir 
es the average of values in numeric columns. 
$ i 


7. Th 
e is 

8 Th SQL built-in function comput 
© SQL built-in function obtains the largest value in a numeric column. } | 


?. Th 
"Ne S dna 
QL built-in function obtains 


the smallest value in a numeric column. 


(e EES SE EEA EE, 
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The SQL built-in function computes the number of rows ina table. 
The SELECT clause is used to collect those rows that have the same value in a specified 


column. 


To compare an aggregate value in a condition, clause is used. 


To create a summary of records based on the common value in a field in different rows of the table 
clause is used. 


To get data from two or more tables having some common fields, ___ 
operator. 


query is created. 


In equi join, the join condition joins the two table using ___ 


True/False Questions 


1 


N 


10. 
11. 
12. 


13. 
14. 
15. 


The HAVING clause acts like a WHERE clause, but it identifies groups that meet a criterion, rather 
than rows. 

Data manipulation language (DML) commands are used to define a database, including creating, 
altering, and dropping tables and establishing constraints. 

The SQL keyword GROUP BY instructs the DBMS to group together those rows that have the same 
value in a column. 

Equi join can use any operator for joining two tables. 

Missing join condition in join query produces catersian product. 

COUNT(field_name) tallies only those rows that contain a value; it ignores all null values. 
SUM, AVG, MIN, and MAX can only be used with numeric columns. 

The SQL keyword GROUP BY instructs the DBMS to group together those rows that have the same 
value in a column. 

The HAVING and WHERE clauses are interchangeable. 

The HAVING clauses can take any valid SQL function in its condition. 

HAVING clause can only be used if the SELECT query has GROUP BY clause. 

With GROUP BY, the select-list of the SELECT statement can only take the group-field and/or 
aggregate function. 5 

A join query without the join condition produces a cartesian product. 

You can specify any type of condition, using any comparison operator in an equi-join. 


Join can only be created from two tables. 


NOTE : Answers for OTQs are given at the end of the book. 


Solved Prohlems 


PEDESE emmmarmmmmeses sacceamt 


1. 


The SQL SELECT provides clauses for sorting data and for summarizing results. Write the names of clauses 


for these. 
Solution. The ORDER BY clause of SQL SELECT statement allows to sort the data of result set. 


The GROUP BY clause of SQL SELECT statement allows to create summarized results of grouped 
data from table. 


9 
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je to support your answer, 


„, When we use GROUP BY clause (for grouping of data) and ORDER BY clause (for sorting 


ther, the ORDER BY clause always follows other clauses. That i 
before ORDER BY clause. auses. That is, the GROUP BY clause | 


examp 
solution 
gata) t08° 
will come 
For example, 

cELECT userid, SUM(score) AS total_score 


FROM user_score 
GROUP BY userid 
ORDER BY userid ASC; 


what are different types of SQL functions ? 
solution. (i) Single Row (or Scalar) functions. 


(ii) Multiple Row (or Group or Aggregate) functions. 


(i) Single Row Functions work witha single row ata time. A single row function returns a result 
for every row of a queried table. 

(ii) Multiple Row or Group Functions work with data of multiple rows at a time and retum 
aggregated value. 


What is the significance of GROUP BY clause in a SQL query 7 ! 


Solution. The GROUP BY clause combines all those records that have identical values in a particular | 
field or a group of fields. This grouping results into one summary record per group if 
group-functions are used with it. 


What is the difference between a WHERE clause and a HAVING clause of SQL SELECT statement ? 
Solution. The difference between WHERE and HAVING clause is that WHERE conditions are 
applicable on individual rows whereas HAVING conditions are applicable on groups as formed by 
GROUP BY clause. 


Write a query to display the Sum, Average, Highest and Lowest salary of the employees. 


Solution. 


mysql> SELECT SUM (sal), AVG (sal), MAX (sal), MIN (sal) 
FROM empl ; 
Write a query to display the Sum, Average, Highest and Lowest salary of the employees grouped by 
department number, 
Solution. 


mysql> SELECT SUM (sal), AVG (sal), MAX (sal), MIN (sal) 
FROM emp] GROUP BY deptno ; 


ce a query to display the Sum, Average, 
“partment number and sub-grouped by job. 
Solution, 


mysql> SELECT SUM (sal), AVG (sal), MAX 
FROM empl 
GROUP BY deptno, job ; 


Highest and Lowest salary of the employees grouped by 


(sal), MIN (sal) 
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Write a query to display the difference of highest aud lowest salary of each department having maximum 
salary > 4000. 


Solution. 
mysql> SELECT MAX (sal) -MIN (sal) “Difference” FROM empl 
GROUP BY deptno 
HAVING MAX (sal) > 4000 ; 


Gopi Krishna is using a table Employee. It has the following columns : ICBSE D 2014) 
Code, Name, Salary, Deptcode 


He wants to display maximum salary departmentwise. He wrote the following command : 
SELECT Deptcode, Max(Salary) FROM Employee ; 


But he did not get the desired result. 
Rewrite the above query with necessary changes to help him get the desired output. 
Solution. 

SELECT Deptcode, Max(Salary) 


FROM Employee 
GROUP BY Deptcode ; 


Shanya Khanna is using a table Employee. It has the following columns : {CBSE OD 2014) 
Admno, Name, Agg, Stream 

[column Agg contains Aggregate marks] 

She wants to display highest Agg obtained in each Stream. 

She wrote the following statement : 
SELECT Stream, MAX(Agg) FROM Employee ; 

But she did not get the desired result. Rewrite the above query with necessary changes to help her get the 

desired output. 

Solut 

SELECT Stream, MAX(Agg) 


FROM Employee 
GROUP BY Stream ; 


Write a query that counts the number of salespeople registering orders for each day. (If a salesperson has more 
than one order on a given day, he or she should be counted only once.), 


Solu 
SELECT ord_date, count (DISTINCT salesman_code) FROM orders 
GROUP BY ord_date ; 


m. 


Write a query on the customers table that will find the highest rating in each city. Put the output in this form: 
For the city (city), the highest rating is : (rating). 
Solution 

SELECT ‘For the city’, city, ‘the highest rating is :’, MAX (rating) 

FROM customers 

GROUP BY city ; 


sis GROUPING RECORDS, JOINS IN SQL 
RTE 
qoe? 


atisa SQL Join ? 


Wh siai 
ition. Å SQL join is an query used within the SQL (Structured 


l i 
ae two tables on the basis ofa common field 


what is natural join ? 
15. 


solution A NATURAL JOIN is a JOIN operation that creates an implicit join clause for you based on 


the common columns in the two tables being joined. Common columns are columns that have the 
e in both tables, 


jt 


Query Language) to combine data 


game nam 


What is equi join ? 


Golution. An Equi join is a sql Jom where we use the equal sign as the comparison operator i.e., "=" 
between two tables while specifying the join condition, egu 


16. 


SELECT * FROM EMP E,DEPT D WHERE E.DEPTNO = D.DEPTNO ; 


Two tables Customers and Orders shown below have common key as customer_id : 


Customers Orders 


Consider the following statement and state what this statement is doing? 


SELECT order_date, order_amount 
FROM customers, orders 
_ WHERE customers. customer_id = orders. customer_id 
AND customer_id = 3 ; 
Solution. The given query is joining the two tables on the common field customer_id and selecting 
order_date and order_amount from the orders placed by customer_id = 3. 


18. Write a output for SQL queries (i) to (iii), which are based on the table : STUDENT given below : 


Table ; STUDENT 
Lolo | name | cas | DOB city 
1 | Nanda x | 06061995 | M | Agra 551 
2 | Saurabh xu |07051993 | M | Mumbai 462 
3 | Sanal XI 06-05-1994 F Delhi 400 
4 | Trisla XU 08-08-1995 F Mumbai 450 
5 | Stort xu [080995 | M | Delhi 369 
6 | Marisla xr | 12-12-1994 F Dubai 250 
7 | Neha x 08-12-1995 F Moscow 377 
L_8 [Nishant | 12-06-1995 M Moscow 489 


wer 


(i) SELECT COUNT(*), 
COUNT(*) >1; 
(it) 
(iti) 
Solution. 
(i) COUNT (*) 
2 
2 
2 
(ii) MAX(DOB) 
08-12-1995 
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City FROM STUDENT GROUP BY CITY HAVING 


City 
Mumbai 
Delhi 
Moscow 


MIN(DOB) 
07-05-1993 


SELECT MAX(DOB), MIN(DOB) FROM STUDENT; 


SELECT NAME, GENDER FROM STUDENT WHERE CITY = "Delhi" ; 


[CBSE 


(iii) NAME GENDER 
Sanal F 
Stort M 
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Paper 2019-99) 


19. Write SQL queries for (i) to (iv), which are based on the table: STUDENT given in the SP 18 on previous page : 


20. 


(i) To display the records from table student in alphabetical order as per the name of the 


student, 


(ii) To display Class, Dob and City whose marks is between 450 and 551. 


(iii) To display Namie, Class and total number of students who have secured more than 450 mar 
(iv) To increase marks of all students by 20 whose class is "XII". CB 


Solution. 


SELECT Name, Class, COUNT(*) FROM Student 


(i) SELECT * FROM Student ORDER BY Name; 
(ii) SELECT Class, DOB, City FROM Student 
WHERE Marks BETWEEN 450 AND 551; 

OR 
SELECT Class, DOB, City FROM Student 
WHERE Marks >= 45@ AND Marks <= 551 ; 
(iii) 
GROUP BY Class HAVING Marks > 450; 
(iv) 


UPDATE Student SET Marks = Marks + 20 WHERE Class = "XII"; 


Given the following student relation : 


1 Computer 

2. History 
__3._| Sanjay | 22 | Hindi 

4 | Sudha | 25 | History 
TE: _ Rakesh | 22 Hindi 

6. j Shakeel | 30 | History 

7. F Surya Oa a Computer : 
aa Shikha 23 | Hindi 


100197 | 120 | M 
24/03198 | 20 | F 
azaz | 30 | M 
01/07/99 | goo 
05/09/97 | 250 | M 
27/06/98 300 M _ 
25/02/97 20 | M_ 
31/07/97 | 20 | F ) 


ks, class wise. 
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(a) To show all information about the students of History department 
t) T list the names of female students who are in Hindi department 
© To list names of all students with their date of admission in ascending order. 
@ To display student's Name, Fee, Age for male Students only. 
(e) To count the number of student with Age <23. 
H To inset a new row in the STUDENT table with the following data : 
9, “Zaheer”, 36, “Computer”, {12/03/97}, 230, “M” 
(g) Give the output of following SQL statements ; 
(i) Select COUNT (distinct department) from STUDENT ; 

(ii) Select MAX (Age) from STUDENT where Sex = “F” ; 

(iii) Select AVG (Fee) from STUDENT where Dateofadm < {01/01/98} ; 

(iv) Select SUM (Fee) from STUDENT where Dateofadm < {01/01/98} ; 


write SQL commands for (a) to (f) and write output for (9) 


SELECT * FROM Student (b) SELECT Name reo Student 
WHERE Department ="History" ; 


ERE sex="F" and 
Department = "Hindi" ; 


(c) SELECT name FROM Student (d) SELECT Name, Fee, Age 
ORDER BY Dateofadm ; from Student 
WHERE sex ="M" 5 


(e) SELECT COUNT (*) FROM Student 
WHERE Age < 23 ; 


(f) INSERT INTO Student 
VALUES (9, "Zaheer", "Computer", "12/03/97", 230, 


W ()3 (25 (i216 (iv) 1088 


y 


21 Given the following tables for a database LIBRARY : 
Table : BOOKS 


Author Name. | Price | tyne aiy] 

C0001 Fast Cook © | Lata Kapoor _ | EPB | _355_; Cookery | 5 l 

F0001 The Tears | Wiliam Hopkins_ | First Publ. | _ 650 | 
T0001 My First C= | Brian & Brooke | EPB | 350 
_ T0002 C= Brainworks | AW. Rossaine | TDH | 350 


750 Fiction | 50 | 


F0002 Thunderbo! | Anna Roberts 


Table ; ISSU o 7 


Book Id 
TOOL j 


C0001 | 


f \ 
| F0001 ae a 


{St 
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Write SQL queries for (a) to M: 
(a) To show Book name, Author name and Price of books of First Publ. publishers, 
(b) To list the names from books of Text type. 
(c) To display the names and price from books in ascending order of their price, 
(a) To increase the price of all books of EPB Publishers by 50. 
(e) To display the Book_Id, Book_Name and Quantity _Issued for all books which have been issued, (The 
query will require contents from both the tables.) 


(H To insert a new row in the table Issued having the following data : “F0003 sea | 
($) Give the output of the following queries based on the above tables : 
(i) SELECT COUNT") FROM Books i 
(ii) SELECT MAX(Price) FROM Books WHERE Quantity >=15 ; 
(iii) SELECT Book_Name, Author_Name FROM Books WHERE Publishers = 


“EPB” , 
(iv) SELECT COUNT (DISTINCT Publishers) FROM Books WHERE Price >= 400 ; 
Solution. 

(a) SELECT Book_Name, Author_Name, Price (b) SELECT Book_Name 

FROM Books FROM Books 

WHERE Publishers = “First Publ.” : WHERE Type = “Text” A 
(c) SELECT Book_Name, Price (d) UPDATE Books 

FROM Books 


SET Price = Price + 50 


ORDER BY Price ; WHERE Publishers = “EPB” ; 


(e) SELECT Books .Book_Id, Book_Name, Quantity Issued 
FROM Books, Issued 


WHERE Books .Book_Id = Issued. Book_Id $ 


O) INSERT INTO Issued 
VALUES (“F@@03”, 1) ; 


() @5 (ii) 750 (iii) Fast Cook Lata Kapoor 
My First C++ Brian & Brooke 


22. Consider the following DEPT and WORKER tables. Write 
queries (v) to (viii) : 


(iv) 1 


SQL queries for (i) to and (iv) find outputs for SQL 
(CBSE Delhi 2015) 
Table : DEPT 


DCODE DEPARTMENT CITY 
D01 MEDIA DELHI 
D02 MARKETING DELHI 
D03 INFRASTRUCTURE MUMBAI 
D05 FINANCE KOLKATA 
D04 HUMAN RESOURCE MUMBAI 


a 
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Table : WORKER 
DoJ j 
2013-09-02 | 1991-09-01 
2012-12-11 | 1990-12-15 
2013-02-03 | 1987-09-04 
2014-01-17 | 1984-10-19 
2012-12-09 | 1986-11-14 
2013-11-18 | 1987-03-31 
2014-06-09 | 1985-06-23 


wno GENDER 


MALE 

FEMALE 
MALE 
MALE 
FEMALE 
MALE 
FEMALE 


George K 


1002 | Ryma Sen 
1003 | Mohitesh 


1007 Anil Jha 
1004 | Manila Sahai 


1005 | R Sahay 
1006_| Jaya Priya 


Note. DOJ refers to date of joining and DOB refers to date of birth of workers. 
(i) To display Wno, Name, Gender from the table WORKER in descending order of Wno. 
(i) To display the Name of all the FEMALE workers from the table WORKER. 


(iii) To display the Wno and Name of those workers from the table WORKER who are born between 
1987-01-01’ and ‘1991-12-01’. 


(io) To count and display MALE workers who have joined after ‘1986-01-01’. i 
(2) SELECT COUNT(*), DCODE FROM WORKER i 
GROUP BY DCODE HAVING COUNT (*) >15; 


(vi) SELECT DISTINCT DEPARTMENT FROM DEPT ; 


(vii) SELECT NAME, DEPARTMENT, CITY FROM WORKER W, DEPT D WHERE 
W.DCODE = D.DCODE AND WNO < 1803 ; 


(viii) SELECT MAX(DOJ), MIN(DOB) FROM WORKER ; 


Solution. 
(i) SELECT WNO, NAME, Gender, (ii) SELECT NAME 
FROM WORKER FROMWORKER a 
ORDER BY WNO Desc ; WHERE GENDER = ‘FEMALE ; 


SELECT WNO, NAME 


FROM WORKER 
WHERE DOB BETWEEN '1987-@1-@1' AND "1991-12-81" 5 


(0) SELECT count (*) 
FROM WORKER 
WHERE GENDER = 'MALE' AND DOJ > '1986-01-01' ; 


Œ)  COUNT(*) DCODE 
2 Det 
2 Des 


(vi) DISTINCT DEPARTMENT 
MEDIA 
MARKETING 
INFRASTRUCTURE 
FINANCE 
HUMAN RESOURCE 
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(vii) NAME ` DEPARTMENT CEY 
George K MEDIA DELHI 
Ryma Sen INFRASTRUCTURE MUMBAI 
( Max(D0J) Min(DOB) 
2014-06-09 1984-10-19 
GLOSSARY 


Single Row function A function that works on a value in single row. 

Multiple Row function A function that works on values of a group of rows. 

Group function Function that works on a group of rows. A multiple row function. 
Aggregate function Function that works on aggregate of rows. A multiple row function. 


Assignment 


Type A : Short Answer Questions/Conceptual Questions 
l. What is the difference between HAVING and WHERE clause ? 
2. What is the use of GROUP BY clause ? 

What are aggregate functions? What is their use? Give some examples. 

4. What type of functions can you use with GROUP BY and HAVING clauses ? 


What is sql join ? How is it useful ? 


w 


w 


6. What are most common types of SQL joins ? 


Type B : Application Based Questions 


Following questions are based on these tables : 


Table BOOK_INFORMATION Table SALES 
Column Name Column Name 
BOOK_ID STORE_ID 
BOOK_TITLE “SALES_DATE 
PRICE SALES_AMOUNT 
Table EXAM_RESULTS 
[stu ip FNAME | LNAME | EXAMID | EXAM SCORE 
10 LAURA LYNCH | 1 90 
10 LAURA LYNCH 2 85 
11 GRACE BROWN 1 78 
11 GRACE BROWN 2 72 
12 JAY JACKSON 1 95 
12 JAY JACKSON 2 92 
13 WILLIAM BISHOP 1 70 
13 WILLIAM BISHOP 2 100 
L 14 CHARLES PRADA 2 85 


p Te 
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ament all i i ; 
ich SQL statement allows you to find the highest price from the table BOOK_INFORMATION? 
bg SELECT BOOK_1D, BOOK_TITLE, MAX(PRICE) FROM BOOK_INFORMATION; 


i SELECT MAX(PRICE) FROM BOOK_INFORMATION; 
SELECT MAXIMUM(PRICE) FROM BOOK_INFORMATION; 
SELECT PRICE FROM BOOK_INFORMATION ORDER BY PRICE DESC; 


Q 


(0) 
h SQL statement lets you find the sales amount for each store? 
SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES; 


SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES ORDER BY STORE_ID; 


t) 
(e) SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES GROUP BY STORE_ID; 


(d) SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES HAVING UNIQUE STORE_ID; 


3 Which SQL statement lets you list all stores whose total sales amount is over 5000 ? 


(a) SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES GROUP BY STORE_ID HAVING 
SUM(SALES_AMOUNT) > 5009; 


(b) SELECT STORE_ID, SUM(SALES AMOUNT) FROM SALES i 
GROUP BY STORE_ID HAVING SALES_AMOUNT > 5000; 


(©) SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES 
WHERE SUM(SALES_AMOUNT) > 5000 GROUP BY STORE_ID; 


(d) SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES 
WHERE SALES AMOUNT > 5000 GROUP BY STORE_ID; t 


4, Which SQL statement lets you find the total number of stores in the SALES table? 
(a) 
(b) SELECT COUNT (DISTINCT STORE_ID) FROM SALES; 
(c) SELECT DISTINCT STORE_ID FROM SALES; 
) 


SELECT COUNT(STORE_ID) FROM SALES; 


(d) SELECT COUNT(STORE_ID) FROM SALES GROUP BY STORE_ID; i 


5, Which SQL statement allows you to find the total sales amount for Store ID 25 and the total sales 
amount for Store ID 45? 
(a) SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES 
WHERE STORE_ID IN (25,45) GROUP BY STORE_ID; 
(b) SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES 
GROUP BY STORE_ID HAVING STORE_ID IN (25,45); 
(©) SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES WHERE STORE_ID IN (25,45); 
(d) SELECT STORE_ID, SUM(SALES_AMOUNT) FROM SALES 
WHERE STORE_ID = 25 AND STORE_ID = 45 GROUP BY STORE_ID; 


6, eee $ 
What SQL statement do we use to find the average exam score for EXAM_ID = 1? 


(0) SELECT AVG(EXAM_SCORE) FROM EXAN RESULTS; 


(Ù) SELECT AVG(EXAM_SCORE) FROM EXAM RESULTS GROUP BY EXAMI 
te LTS GROUP BY EXAN_ID HAVING EXAM_ID = 1; 


(a) E EXAM_ID = 1; 


D WHERE EXAM_ID = 1; 


SELECT AVG(EXAM_SCORE) FROM EXAM_RESU! 
SELECT COUNT(EXAM_SCORE) FROM EXAN_RESULTS WHER 
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7. Which SQL statement do we use to find out how many students took each exam? 
(a) SELECT COUNT(DISTINCT STU_ID) FROM EXAM_RESULTS GROUP BY EXAM_ID; 


(b) SELECT EXAM_ID, MAX(STU_ID) FROM EXAM_RESULTS GROUP BY EXAM_ID; 
(c) SELECT EXAM_ID, COUNT(DISTINCT STU_ID) FROM EXAM_RESULTS GROUP BY EXAM_ID; 
(d) SELECT EXAM_ID, MIN(STU_ID) FROM EXAM RESULTS GROUP BY EXAN_ID; 
8. What SQL statement do we use to print out the record of all students whose last name starts with L? 
(a) SELECT * FROM EXAM_RESULTS WHERE LNAME LIKE ‘L%?; 
(b) SELECT * FROM EXAM_RESULTS WHERE LNAME LIKE ‘L’; 
(c) SELECT * FROM EXAM_RESULTS WHERE LNAME = *L?; 
(d) SELECT * FROM EXAM_RESULTS WHERE LNAME <> ‘L’; 


9. What is the result of the following SQL statement? 


SELECT MAX(EXAM_SCORE) FROM EXAM_RESULTS GROUP BY EXAM_ID HAVING EXAM_ID = i; 


(a) 90 (b) 85 (c) 100 (dl) 95 


10. Given the following table : 
Table : CLUB 


COACH-ID ales COACHNAME AGE SPORTS DATOFAPP PAY SEX 
1. KUKREJA 35 KARATE 27/03/1996 1000 M 
2. RAVINA 34 KARATE 20/01/1998 1200 F 
— = 
3. KARAN 34 SQUASH 19/02/1998 2000 M 
— — = 
4. TARUN 33 BASKETBALL 01/01/1998 1500 M 
5. ZUBIN |__36 SWIMMING i 12/01/1998 IE g M | 
6. KETAKI 36 SWIMMING 24/02/1998 l F R 
7. ANKITA 39 SQUASH 20/02/1998 220 | F 
8. ZAREEN 37 KARATE 22/02/1998 1100 | F 
9. KUSH 41 SWIMMING 13/01/1998 900 M 
10. SHAILYA L 37 BASKETBALL 19/02/1998 1700 M 


Give the output of following SQL statements : 
(i) SELECT COUNT (DISTINCT SPORTS) FROM Club ; 
(i) SELECT MIN(Age) FROM CLUB WHERE Sex = ‘F’ ; 
(iii) SELECT AVG(Pay) FROM CLUB WHERE Sports = ‘KARATE ; 
(iv) SELECT SUM(Pay) FROM CLUB WHERE Datofapp > ‘31/01/98' 


| 

1 Karan ee Medical 78.5 B 12B 

2 Divakar 450.00 Commerce 89.2 A 11C 
e . 

3 Divya 300.00 Commerce 68.6 È 12C | 

4 Arun 350.00 | Humanities 73.1 B 12C 

ji E 
i 500.0 l i 

E: Sabina 0 lonmedical if 90.6 A 11A 

6 |John 40000 | Medical__|__ 754 B 128 

7 Robert 250.00 Humanities 644 C HA 

8 Rubina 450.00 Nonmedical 88.5 A 12A 
[9 (viks S0000 | Nonmedical | 920 A pa | 

10 | Mohan 300.00 Commerce 67.5 £ PE —] 


Give the output of following SQL statements : 
(i) SELECT MIN(AvgMark) FROM STUDENT WHERE AvgMark < 79o 
(ii) SELECT SUM(Stipend) FROM Student WHERE Grade = ‘B’ ; 
(iii) SELECT AVG(Stipend) FROM Student WHERE Class = "12A" ; 
(iv) SELECT COUNT(DISTINCT) FROM Student ; 


12. Ina Database, there are two tables given below : 


Table : EMPLOYEE Table : JOB 

[tirLorEED | NAME SALES Jos | JOBTITLE SALARY 

SUMIT SINHA 1100000 101 President 200000 

| VIJAY SINGH TOMAR | 1300000 102 | Vice Pr dent 125000 
AJAY RAJPAL 1400000 103 l Administration Assistant | 80000_| 
MOHIT RAMNANI 1250000 104 i, counting Manager | 70000 | 
65 | SHAILJA SINGH 1450000 | 103 105_ | Accountant | suv | 

106 | Sales Manager | 80000 

Write SQL Queries for the following : 
(i) To display employee ids, names of employ corresponding job titles. 


yg job titles who have achieved sales more than 


(ii) To display names of employees, sales and correspo! 
ses who have ‘SINGH’ (anyi 


(iii) To display names and correspo 

(io) Identify foreign key in the table EMPLOYEE. 

(0) Write SQL command to change the JOBID to 104 of the EMPLOYEE with ID as E4 
“EMPLOYEE’. 


e) in thet 


1 1300000. 


in the table 
[CBSE D 15] 


and give outputs for SQL queries (©) to (vii) 


fname 


Table : Employee 
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Consider the following tables Employee and Salary. Write SQL commands for the state 


Qualification | Sec 


1 | Deepali Gupta © 101 MCA Bn. 
2 | Rajat Tyagi | 101 BCA | M 
3_| Hari Mohan | 102 B.A. — M : 
4 | Hary | 102 M.A. M 
5 | Sumit Mittal | 103 Bech. | M 
6 | Jyoti | 101 M.Tech. F 


Table : Salary 


1 6000 | 2000 | 200 
2200 | 3 | 3% 30 
DE 1000 | 30 | 30 40 
4 1500 j 39 | 490 30 
5 s00 |  %%0 | ə% 80 
6 1000 | 30 | 40 89 


() To display the frequency of employees department wise. 


(ii) 
(iti) 
(iv) 

(v) 
(v1) 

(vii) 


ł4 With reference to following relations PERSONAL and JOB answer the questions that follow : 


Create following tables such that Empno and Sno are not null and unique, date of birth is after 
“12-Jan-1960', name is never blank, Area and Native place is valid, hobby, dept is not empty, salary 


Select count( 


* 


is between 4000 and 10000. 


) from Employee group by Sex ; 
Select Distinct Depid from Employee ; 


Table : Personal 


To list the names of those employees only whose name starts with ‘ 
To add a new column in salary table. The column name is Total_Sal. 
To store the corresponding values in the Total_Sal column. 
Select max(Basic) from Salary where Bonus > 40 ; 


: Nativerplace 
123 | Amit 23-Jan-1965 Delhi Music 
127 Manoj 12-dec-1976 Mumbai Writing 
124 | Abhai 11-aug-1975 Allahabad Music 
125 Vinod 04-apr-1977 | Delhi Sports 
128 Abhay 10-mar-1974 Mumbai Gardening 
129 Ramesh 28-oct-1981 ia Pune Sports 


ments (i) to (in) 
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Table : Job 


Area App date 


Agra Marketing 


| 127 | Mathura | 22-dec-2006 6000 22-dec-2026 inance 


124 Agra oj 19-aug-2007 5500 | 19-aug-2027 


E MAAN sa E a 


Marketing | 
RE | 


125 | Delhi | 14-apr-2004 4-apr-2018 | Sales | 


128 | Pune | 13-mar-2008 | 7500 | 13mar-2028 Sales | 


(a) Show empno, name and salary of those who have Sports as hobby. 


(c) Show number of employee area wise. ' 

(d) Show youngest employees from each Native place. 

o) Show Sno, Name, Hobby and Salary in descending order of Salary. 

A Show the hobbies of those whose name pronounces as ‘Abhay’. 

(g) Show the appointment date and native place of those whose name starts with ‘A’ or ends in ‘d’. 

(it) Show the salary expense with suitable column heading of those who shall retire after 20-jan-2006. | 
(i) Show additional burden on the company in case salary of employees having hobby as sports, is i 

increased by 10 
(j) Show the hobby of which there are 2 or more employees. i 
(k) Show how many employee shall retire today if maximum length of service is 20 years. f 
() Show those employee name and date of birth who have served more than 17 years as on date. 

(m) Show names of those who earn more than all of the employees of Sales dept. 

(n) Increase salary of the employees by 5 % of their present salary with hobby as Music or they have 

completed atleast 3 years of service. 


(0) Write the output of : 

(i) Select distinct hobby from personal ; 

(ii) Select avg(salary) from personal, job where Personal-Empno = Job.Sno and Area in 

(‘Agra’,/Delhi’) ; 

(iii) Select count(distinct Native_place) from personal. 

(iv) Select name, max(salary) from Personal, Job where Personal.Empno = Job.Sno ; 
(P) Add a new tuple in the table Personal essentially with hobby as Music. 
(0) Insert a new column email in Job table 
() Create a table with values of columns empno, name, and hobby. 
3) Create a view of Personal and Job details of those who have served less than 15 years. 
(!) Erase the records of employee from Job table whose hobby is not Sports. 


t o 
(1) Remove the table Personal. 
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15. With reference to the table below, answer the questions that follow : 


Table : Employees 


j Empidi j) Firstname Lastname Address 
O10 | i = Kumar | Raj nagar 
105 Harry | _Waltor | Gandhi nagar | GZB ‘ 
s 152 | Sam a ~ Tones | 3 Elm St _| Paris — m 
215 | Saah | Ackerman | MOUS.110 | Upon 
244 | Manila Sengupta | 24 Friends street | New Delhi 
300 | Robert 1 Samuel | 9 Fifth Cross Washington 7 
_— 335 | Ritu | Tondon | Shastri Nagar | GZB i 
40 Rachel | Lee | 121 Harrison St. | New York “ad 
| 441 | Peter ! Thompson | 11 Red Road | Paris 7 


Table : EmpSalary 


Designation 
O10 75000 | 15000 _ Manager 
B 105 65000 | 15000 | Manager 
| 152 | 80000 | 25000 | Director 
| 215 | 75000 l 12500 Manager 
| 244 | 50000 | 1200 Clerk 
| 300 45000 10000 | Clerk 
| 333} 40000-10000 Clerk 
400 | 320007500 Salesman 
| 441 j 28000 | 7500 Salesman 


Write the SQL commands for the following using above tables : 
(i) To show firstname, lastname, address and city of all employees living in Pairs 
(ii) To display the content of Employees table in descending order of Firstname. 


(iii) To display the firstname, lastname and total salary of all managers from the tables Employes and 
EmpSalary, where total salary is calculated as Salary + Benefits. 


(iv) To display the maximum salary among managers and clerks from the table EmpSalary. 


Give the Output of following SQL commands : 


(i) Select firsmame, Salary from Employees, Empsalary where Designation = ‘Salesman’ and 
Employees.Empid = Empsalary.Empid ; 


(ii) Select count(distinct designation) from EmpSalary ; 
Gii) Select designation, sum(salary) from EmpSalary group by designation having count(*) >2 ; 
(iv) Select sum(Benefits) from EmpSalary where Designation = ’Clerk’ ; 
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the average salary for all departments w 


ith more than 3 people for a job. 
y only the jobs with maximum s: 


pispla alary greater than or equal to 3000, 
A find out number of employees having “Manager” as Job. 
18. 


ietie count of employees grouped by deptno. (table EMPL) 
i 7 the sum of employees’ salaries grouped by department. (table EMPL) 


2). List the maximum salary of employee grouped by their department number, 


der the tables Customers, Parts and Orders given in solved problems, 
Const istions 22 to 24 based on these : 


Answer Que 
22. List the total of customers’ orders grouped by customer (id). 
93, List the sum of the totals of orders grouped by customer and state. 


24. List the customers (name) and the total amount of all their orders. 
consider tables EMPL, Dept, SalaryGrade. The Empl table has already been listed in earlier chapters. Schemas | 
of tables SalaryGrade and Dept are being shown below : | 


SALARYGRADE (Lowsal, Highsal, Grade) 
Dept (Deptno, DeptName, Location) 


Auswer Questions 25 and 26 on the basis of these tables : 


25. List the department names and the number of their employees, 
26. List the employee names and the name of their departments. 


Interface Python 
with MySQL 


4 


4 is ne Cwt 


15.1 Introduction 
15.2 Connecting to MySQL from Python 
15.3 Parameterised Queries 


15.4 Performing INSERT and UPDATE Queries 


15.1 INTRODUCTION 


When you design real-life applications, you are bound to 
encounter situations wherein you need to manipulate data 
Stored in a database through an application designed by you. 
Since you are developing Python applications, in this chapter 
our discussion will be based on how you can connect to a 
MySQL database from within a Python script. 


In order to connect to a database from within Python, you 
Need a library that provides connectivity functionality. There 
are many different libraries available for Python to accomplish 
this. We shall work with mysql connector library for the same. 


152 
CONNECTING TO MYSQL FROM PYTHON 


Before you start working with 
Python mysql connector, you need 
to install it on your computer. Both 
pip and Conda installation of Python 
MySQL connector is given in 
Appendix C of this book. So, please 
tefer to Appendix C for the 
installation of the same. 


After you have installed Python MySQL connector (as per Appendix C), you can write Python 
Scripts using MySQL.connector library that can connect to MySQL databases from within 


Python, 


lsat 
Le 


OE As 
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15.2.1 Steps for Creating Database Connectivity Applications 


There are mainly seven steps that must be followed in order to create a database connectivity 
application. 


Step 1 Start Python. 

Step 2 Import the packages required for database programming. 
Step 3 Open a connection to database. 

Step 4 Create a cursor instance. 

Step 5 Execute a query. 

Step 6 Extract data from result set. 

Step 7 Clean up the environment. 


Let us talk about these steps in details. 


Step 1. Start Python 


Start Python’s editor where you can create your Python scripts. It can be IDLE or Spyder IDE - 
whatever you feel comfortable in. 


Step 2. Import mysql.connector Package 
First of all you need to import mysql.connector package in your Python scripts. For this, write 
import command as shown below : 
import mysql.connector 


or gee 


import mysql.connector as sqLtor 


identifier of your choice 


You can also use pymysql in place of mysql.connector for connecting with MySQL database. 
We shall talk about this in section 15.5.2. 


Step 3. Open a Connection to MySQL Database 
Next you need to establish connection to a MySQL database using connect( ) function of 
mysql.connector package. 
The connect( ) function of mysql.connector establishes connection to a MySQL database and 
requires four parameters, which are : 


<Connection-Object> = mysql.connector.connect (host = <host-name> , user = <username>, 
passwd = <password> [, database = <database>]) 


— user is the username on MySQL 
password is the password of the user 


— host-name the database server hostname or IP address 
— database is optional which provides the database name of a MySQL database. 


Specify a Python identifier as <connection object name. You shall be using this name for 
executing queries and for other tasks on connected database. For example : 


loginid and password of your MySQL database 


import mysql.connector as sqltor ra \ 
ə connection ——> MYCON = sqltor.connect(host = "localhost", user = "root", passwd = “MyPass > 
object database = i a MySQL database 


at 


E 
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Since we imported mysql.connector package as sqltor, we are using the name sqltor in place of 
mysgl.connector. If you have imported the package as 

import mysql.connector 
Then you need to write above function as : 


mycon = mysql. connector, connect (host = “localhost", user = "root", 
passwd = "MyPass", database = “test") 


The above command will establish connection to MySQL database with user as “root”, 
password as “MyPass” and to the MySQL database namely test which exists on the MySQL. 


Here, you must ensure that the user and password that you specify are valid user and password 
for your local MYSQL installation. 


If Python reports no error, it means you have successfully KAAS SeuKoNON Seip 


connected to MySQL database. You can also check for A database Conne: 
successful connection using function is_connected( ) with yale the connection to the 
. thi 5 . i x atabase. It represents a unique 
connected object (which returns True, if connection is session witfra'datibaseconn erted. 
successful, i.c., if you may write following additional code to from within a script/program. 
check if the connection is successful or not) 
= The same connection object with which 
if mycon.is_connected(): connected to MySQL database 
print( ‘Successfully Connected to MySQL database’ ) 


Following screenshot shows you the output produced by code shown below : 


import mysql. connector as sqltor 
mycon = sqltor.connect(host = "localhost", user = "root", passwd = "MyPass", database ="test") 
if mycon.is_connected(): 

print (‘Successfully Connected to MySQL database' ) 


è Spyder (Python 3.6) = T E z5 
File Edit Search 


Dsg: 


(Edi 


T 


arce Run Debug; Consoles Projects; Tools View Help, : 


© >Ap Mo EEPE BRAE © > Eomans 
miy et eX, pineke Kj: AEF 5 


CD Cereoe us Gi 


alee ython/CS Py: 
UisFthon XII tei 


te MySQL database 


4 Inport mysql. connector as sqltor y In [8]: runfile( 

Bee = sqltor.connect(host = “Jocalhost", user{= “root™,passwd/= “Hyl wdirx'E:/Conp Se Pyt@y 

4 "con. is_connected(): D> Successfully Connected 
Print( “Successfully Connected to MySQL database’) * 


Sep 4. Create a Cursor Instance 

A database cure~; is a useful control structure of database connectivity. Normally when you 
Connect to a database from within a script/program, then the query gets sent to the server, 
Where it gets executed, and the resultset (the set of records retrieved as per query) is sent over 
the connection to you, in one burst of activity i.e., in one go. But you may want to access the 
retrieved data, one row at a time. But query processing cannot happen as one row ata time, soa 
SPecial type of control structure called database cursor can be created that gets the access of all 
the Tecords retrieved as per query (called the resultset) and allows you to traverse the resultset 
tow by row, 


a 
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In this step(step 4), you create an instance of cursor by using 
cursor() function as per following syntax : A Database Cursor 


<cursorobject> = <connectionobject>.cursor() the row ‘by. roid Meme itates 
essing of 


That is, for our connection established in earlier steps, we can records in the resultset, i.e., the set 
create cursor( ) by writing . of records retrieved as Per query, 


'S a special 


cursor = mycon.cursor() 
Cursor object created eS. Nes Connection object 


Since we established database connection through connection object mycon earlier, 
created a cursor object using the same connection object mycon. 


we have 


Siep 5. Execute SQL Query 


Once you have created a cursor, you can execute SQL query using execute( ) function with 
cursor object as per following syntax : 


<cursorobject>.execute(<sql query string>) 


For example, if you want to view all the records of table data which is a table in the database 
test to which you established connection in step 2, you can execute SQL query “select * from 
data” by writing : 


cursor.execute("select * from data") 


cursor object name at Re Give SQL query in quotes 


The above code will execute the given SQL query and Fraps. | 
store the retrieved records (i.c., the resultset) in the cursor The result set refers to a logical set 
object (namely cursor) which you can then use in your of records that are fetched from 


the database by executing an SQL 
query and made available to the 
application program. 


programs/scripts as required. 


Step 6. Extract Data from Resultset 


You will need this step (step 6) if you have retrieved records from the database using SQL 
SELECT query and need to extract records from the retrieved resultset. Once the result of query 
is available in the form of a resultset stored in a cursor object, you can extract data from the 
resultset using any of the following fetch...() functions. 


(i) <data> = <cursor>.fetchall( ). It will return all the records retrieved as per query ina 
tuple form (i.e., now <data> will be a tuple.) 
le ora 


(ii) <data> = <cursor>.fetchone( ). It will return one record from the resultset'as a tup! ie 
s 


list. First time it will return the first record, next time it will fetch the next record an 
on. 
This method returns one record as a tuple : if there are no more records then it t 
None. 

(iii) <data> = <cursor>.fetchmany(<n>). This method accepts number of records to 
returns a tuple where each record itself is a tuple. If there are not more records 
returns an empty tuple. 


eturns 


fetch and 
then it 


ject that 


(iv) <variable> = <coursor>.rowcount. The rowcount is a property of cursor ob will 
es W 


returns the number of rows retrieved from the cursor so far. Following examp! 
make it more clear. 


| 
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Let us now see with following code examples how these 


3 functions work. For the following code 
examples, We shall be connecting to database test, table s 


tudent that has the following data in it: 
tudent of MySQL database test 


can 
Rollno E Name Marks Grade | Section 

101 Ruhani ae A Pending 

102 George 71.20 B A Submitted 

103 Simran 81.20 A B Evaluated 

104 Ali 61.20 B C Assigned 

105 Kushal 51.60 a ie È Evaluated 

106 Arsiya 91.60 At B Submitted 

107 Raunak 3250 | F B Submitted 
Following code examples assume that the connection to the database has been established 
using connect( ) method of mysql.connector as discussed in earlier steps. That is, all the 
following code examples of fetch functions have following code pre-executed for them : 


import mysql. connector as sqltor 


mycon = sqltor.connect(host = "localhost", user = "root", passwd = "MyPass", 
database = "test") 


if mycon.is_connected() == False; 
print('Error connecting to MySQL database' ) 


The SQL query retrieves all the data of 
cursor = mycon.cursor() em table student of database test 
cursor .execute( "select * from student") 

Let us now see that in addition to above code how all fetch..() methods will behave. 
(i) The feichail{ ) method 


The fetchall( ) method will return all the rows from the resultset in the form of a tuple 
containing the records. 


:  # database connected established and cursor object created 


5 ————>, data = cursor. fetchall() +——— Fetch all the 
The data variable 
Store the retrieved 
records from the 
resultset in the Jorn of 
tuple (a tuple of re- 


records in the resultset 


count = cursor. rowcount <——__ How many records returned by SQL query in the resuliset 


print("Total number of rows retrieved in resultset :", count) 


for row in data : <—— Now you can process the data tuple 


print(row) one row at a time. 
The output produced by above code is : 
Total number of rows retrieved in resultset : 7 <———— Result of cursor.roweount 
T ‘Ruhani’, Decimal (‘76.80'), ‘A’, ‘A’, ‘Pending') 
ae George’, Decimal (‘71.20’), ‘submitted’ ) 
üu » Simran’, Decimal (‘81.20’), ‘Evaluated’) 
a 4, atit, Decimal (‘61.20'), ‘assigned’) | “~—— cursor fetchall() `s result 
Gn ‘Kushal’, Decimal (‘51 60") ‘Evaluated’ ) oe oe ‘as 
6, « ae : a ' ; R A then printed row by row 
Coy’ ATSiva’, Decimal (‘91.60"), , Submitted’) 


‘Raunag’, pecimal(‘32.50"), ‘F', ‘B', ‘Submitted’) 
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lii) The fetchmany| ) method 


in the 
form of a tuple containing the records. 


$ # database connected established and cursor object created 


————— data = cursor. fetchmany(4) 4——— 
The data variable 


store the retrieved 
cords from the resultset 
in the form of a tuple 
(a tuple of records) 


Fetch 4 records in the resultset 


count = cursor.rowcount <———— How many records returned by SQL query in the resultset 


print (“Total number of rows retrieved from resultset :" 


A 
for row in data : «—___ Non 


print(row) Pie 


'A 
» count) 


u can process the data tuple 
at a time 


The output produced by above code is : 


Total number of rows retrieved from resultset : 4 <——_ 


C101, ‘Ruhani’, Decimal(‘76.80"), ʻa’, ‘a’, ‘Pending’) 


(102, ‘George’, Decimal (‘71.20°), ‘B’, ‘a’, ‘submitted') Nore Se 
(103, ‘Simran’, Decimal(‘81.20’), ‘a’, ‘B’, “Evaluated’) 


(104, ‘Ali’, Decimal (‘61.20'), 


Result of cursor.rowcount 


‘B’, ‘C’, ‘assigned’) The cursor.rowcount retums how many 
rows have been so far retrieved through 
fetch..( ) methods from the cursor, 


The fetchone( ) method 


The fetchone( ) method will return only one row from the resultset in th 


he form of a tuple 
containing a record. A pointer is i 


itialized which points to the first record of the resultset as 
soon as you execute a query. The fetchone() returns the record pointed to by t 


you fetch one record, the pointer moves to next record of the 
execute the fetchone() metod, it will return only 
fetching, the pointer will move to the next recor 


his pointer. When 
recordset. So next time , if you 
one record pointed to by the pointer and after 
d of the resultset. 

Also, carefully notice the behaviour of cursor.rowcount th 


at always returns how many records 
have been retrieved so far using any of the fetch, 


.() methods, 


# database connected established and cursor object created 
data 


=cursor.fetchone() «e— — Fetch 1 records i 


the resultset 
count = cursor.rowcount 


(first time, only the first rece 


rd is retrieved) 


> 


print("Total number of rows retrieved from resultset » count) 


print(data) 
print("\nAgain fetching one record") 
data = cursor. fetchone() to 


count = cursor. rowcount 


an 


Next feichone( ) will fetch the next record 
from the resultset 


print(“Total number of rows retrieved from resultset :” sone) 
ar 
print (data) 


Becerra 
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The output produced by above code is : 


; Result of cursor.rowcount 
Total number of rows retrieved in resultset : 1 amm This time it is 1 because feichone() method 


ao, ‘Ruhani’, Decimal('76.80’), ‘A’, ‘a’, ‘Pendi ng’) retrieved only I record from the cursor 


again fetching one record Result of cursor.rowcount 
total number of rows retrieved from resultset : 2 Tis imei is 2 because feichone() 


: 5 thod retrieved only L record (ne: 
‘ e’, Decimal(‘71.20’), ‘B’, ‘a’, ‘su i m L recort heg 
(102, George , ¢ ) , » “Submitted’) record) from the cursor but SO FAR 
2 records have been retrieved. 


Now can you guess the output of following code ? 


import mysql.connector as sqltor 
mycon = sqltor . connect (host = "localhost", user = "root", passwd = “MyPass", 
«database ="test") 
if mycon.is_connected() == False: 
print(‘Error connecting to MySQL database’ ) 
cursor = mycon.cursor() 
cursor.execute("select * from student") 
data = cursor. fetchone() 
count = cursor.rowcount 
print("Total number of rows retrieved so far from resultset :", count) 
data = cursor. fetchone() 
count = cursor. rowcount 
print("Total number of rows retrieved so far from resultset :", count) 
data = cursor. fetchmany(3) 


count = 


ursor 


c rawcount 
print("Total number of rows retrieved so far from resultset :", count) 


Well, you guessed it right. The output is : 


Total number of rows retrieved so far from resultset : 1 
Total number of rows retrieved so far from resultset : 2 
Total number of rows retrieved so far from resultset : 5 


Step 7. Clean Up the Environment 


After you are through all the processing, in this final step, you need to close the connection 
established. 


This, you can do as follows : 
<connection object>.close( ) 


©.8., We established the database connection via connection object mycon above, so 
We shall write : 


mycon.close( ) 


Following example lists the complete code wherein only first three records of the database table 
Student of MySQL database test are listed row by row. 
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> 15.1 Write a Python program that displays first three rows fetched from student table of MySQL, database 
“test”. 


(Note. user is “learner” and password is “fast”) 


import mysql.connector as sqltor 
mycon = sqltor. connect (host = "localhost", user = "learner", passwd = "fast", database = "test") 
if mycon.is_connected() == False: 
print( ‘Error connecting to MySQL database’) 
cursor = mycon.cursor() 
cursor. execute("select * from student") 
data = cursor. fetchmany (3) 
count = cursor.rowcount l ` 
for row in data : 
print(row) 
mycon.close() 


The output produced by above code is : 


‘ 


(101, ‘Ruhani’, Decimal(‘76.80’), ‘A’, ‘A’, ‘Pending’) 
(102, ‘George’, Decimal(‘71.20’), ‘B’, ‘A’, ‘Submitted’) 
(103, ‘Simran’, Decimal(‘81.20’), ‘a’, ‘B’, ‘Evaluated’) 


15.2.2 Connecting with MySQL Database using pymysql 


So now you know how to connect with a MySQL database from within a Python program. But 


so far you have used mysq].connector for this. You can also use pymysq] library for connecting 
with a MySQL database, which we are going to discuss in this section. 


The basic difference between mysql.connector and pymysq] is that the mysq/.connector is made 
available by Oracle, which owns MySQL, and the pymysq] library is made available by Python 
(it is pure Python). Thus, you can choose to work with any of these for connecting with MySQL. 


In order to use pymysq] in your Python program, you need to follow the steps as given below: 
Step1 Start Python 


Step 2 Import pymysql by giving the following statement : 
import pymysql as pym 


Step 3 Connect to a MySQL database by giving a statement as per the following syntax : 
<connection> = pymysql.connect("localhost", <username>, <password>, <databasename?) 


For example, 
User name 


y we 


mycon = pym. connect ("localhost", "root", "MyPass", "School" ) 


\ \ 


Connection name 


‘ame of the MySQL database 
ion is 


‘h conne 
established 


Password 


al = 


‘hapler 15 : INTERFACE PYTHON WITH MySQL 
Chap! 


Rest of the steps, ie. steps 4, 5, 6, 7 are identical to what you have learnt earlier in the 
section. Following example program is implementing example 15.1 give 
pymysq). But please note that connection object cre 
is connected( ) method to test the connection. Thus w 
following example : 


previous 
n earlier, but by using 
ated using pymysql does not provide 


e shall not use it with pymysql in the 


15.2 Write a Python program that displays first three row: 


s fetched from student table of MySQL database 
“test’. Use pymysql to connect with the database, 


rogram (Note. user is “learner” and the password is “fast”) 


import pymysql as pym 

mycon = pym.connect("localhost", "learner", "fast", "test*) 
cursor = mycon.cursor() 

cursor.execute("select * from student") 

data = cursor. fetchmany (3) 


count = cursor. rowcount Te rei of ie sieas areule i 
for row in data : same as earlier + | 
print (row) 


mycon.close() 


The output produced by above code is : 


(101, ‘Ruhani’, Decimal(‘76.80’), a, ‘a’, ‘Pending’) 
(102, ‘George’, Decimal(‘71.20’), ‘B’, ‘A’, ‘Submitted’) 
(103, ‘Simran’, Decimal (‘81.20’), ‘A’, ‘B’, ‘Evaluated’) 


This program will also produce the same output as the previous example program. 


15.3 PARAMETERISED QUERIES 


In previous section, you learnt about how you can execute simple SQL queries after establishing 
connection to MySQL database. But SQL queries that were used, were simple queries. 
Sometimes, you may need to run queries which are based on some parameters or values that 
you provide from outside, e.g., 


inp =76 


SELECT * FROM student WHERE MARKS > inp ; 


Such queries are called parameterised queries. To execute parameterised queries in a mysql.connector 


connection, you need to form SQL query strings that include values of parameters. Let us talk 
about how you can form such query strings. 


| Forming Query Strings 
Note, for al 


l the following code examples, we are again connecting to the student table of 
, the one we have used earlier. The connection object name is mycon and 
© cursor object name is cursor as earlier. 


MySQL database test, 
th 
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That is, the code for connection is : 
import mysgl.connector as sqltor 
mycon = sqltor. connect (host = "localhost", user = "learner", passwd = "fast", database = "test") 
if mycon.is_connected() == False: 
print( ‘Error connecting to MySQL database') 
cursor = mycon.cursor() 


Let us now discuss about how you can form parametrised query strings. To form query strings 
based on some parameters, you can go for one of the following two methods: 


(i) Old Style : String Templates with % formatting 
In this style, string formatting uses this general form: f % v 
where f is a template string and v specifies the value or values to be formatted using that 
template. If multiple values are to be formatted, v must be a tuple. For this you can write the 
SQL query ina string but use a %s code in place of the value to be provided as a parameter. 
For example, 


í This means it is a parameter and its 
" + ug Th 
select * from student where marks > %s value must be provided 


The above string is an incomplete string (only f, no %v here) as it contains = placeholder for 
parameter as %<code>, but its parameter value is not provided here. To _. mplete it, you 
must provide a tuple of values with% prefixed to it next to the string (called the value tuple, % v), 


eg., if you want to provide value 70 for %s placeholder in above query string, you can form the 
value tuple as follows : 


(78, ) «——— For single value to be stored in a tuple, comma must follo 


Now you can complete the above SQL query string as follows : 


select * from student where marks > %s" %(70,) 


a y enone 
f y 
Now you can store this query string in vari 


able and then execute that variable through 
cursor.execute( ) method as shown below : 


: # database connected established and cursor object created 
st = "select * from student where marks > %s" %(70,) 


aN 
cursor. execute( st ) 
data = cursor.fetchall() 
for row in data ; 


Do not forget to enclose placeholder 
print(row) %s in quotes for string parameters in 
string template. 


(101, ‘Ruhani’, Decimal(‘76.80'), “AY, AR ‘Pending’) 

(102, ‘George’, Decimal(‘71.20'), “BY, fat, “Submitted’) 
(103, ‘Simran’, Decimal('81.20"), ʻa’, ‘B’, “Evaluated’) 
(106, ‘Arsiya’, Decimal('91.60') , “At, ‘B’, ‘submitted’) 
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In the similar manner, you may add multiple parameter values, but one caution you must 
exercise is that do not forget to enclose placeholder %s in quotes for string parameters e.g, 


.  #database connected established and cursor object created See, as enclosed i 


ae quotes for string value 


st = "select * from student where marks > 4s and section = '%s' " % (78,'B’) 


z x 


cursor.execute(st) 


V tuple containing a number 
data = cursor. fetchall() and a string value 
for row in data : 
print (row) 


(103, ‘Simran’, Decimal(‘81.20'), ‘a’, ‘B’, ‘Evaluated’) 
(106, ‘Arsiya’, Decimal(‘91.60'), ‘A+’, ‘B’, ‘Submitted’) 


Alternatively, you can provide the tuple with the execute( ) function as : 
cursor. execute(<parameterised sql query string», <values tuple>) 
egu 
ram = 20 
id=2 
input = (ram, id) ~ 
query = “Update computers set ram =%s where id =%s” 


cursor.execute(query , input) 


(ii) New Style : String Templates with % formatting 


The new style of creating SQL query strings involves the use of the .format( ) method of the str 
type. Let us first understand this with a normal string and then we shall apply it on SQL query 
strings. The general form for using.format( ) is : 


template. format(p9, p1, ..., k@=v, k1 =v1, 


The template is a string containing a mixture of one or more format codes embedded ‘in 
constant text. The format method uses its arguments to substitute an appropriate value for each 
format code in the template. 


The arguments to the .format( ) method are of two types. The list starts with zero or more 
positional arguments p;, followed by zero or more keyword arguments of the form k;v; where 


each k; is a name with an associated value v;. 


Consider following example. In this example, the format code “{0}” is replaced by the first 
Positional argument (49), and “(1)” is replaced by the second positional argument, the string “okra” 


These are place holders Values tuple V. Values are 
x SS tes substituted from here 


“We have {0} hectares planted to {1}." .format (49, “okra” ) 


n_a Tii 
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The above string template will yield following string 


‘We have 49 hectares planted to o 


The values are picked from the values tuple V from left to right, ie., the first value of tuple will 
be placed in the first { } placeholder, second value in the second { } placeholder, and so on. 
You may even skip the numbers 0, 1 in { }. That is, following string will also yield the same 
string as above. 


"We have {} hectares planted to {} ." .format (49, "okra" ) 


In the next example, we supply the values using named arguments. The arguments may be 
supplied in any order. The keyword names must be valid Python names, e.g., 


Values tuple V. Values are 
w ubstituted from here 


“{monster} has eaten {city}".format(city ='Tokyo', monster ='Tsunami') 


In the above string template {monster} and {city} are named arguments. Named arguments will 
replace the value of the arguments as per the names not as per the order. So even though in 
values tuple above, the first value is city =Tokyo’, it will not replace the fir piaceholder{monster}, 
rather it will replace the placeholder having its name i.e., {city}. 


So the string generated will be : 
"Tsunami has eaten Tokyo 


Based on above information, you can create your SQL query strings. Again, make sure to 
enclose a string value place holder in quotes, i.e., as ‘{ },]. 


Now consider following example : 


st = "select * from student where marks > {} and section = "{}' ".format(7e, 'B') 


The above query string st stores : hs Place holder enclosed in quotes 


for string value 


“select * from student where marks > 7@ and section = ' 


And it will yield the same query result as earlier. 


execute(operation [, params]) — Executes an SQL statement. 
fetchone( ) — Fetches the next row as a sequence ; returns None when no more data 
fetchall()- Fetches all remaining rows, current pointer position onwards 


fetchmany([size = cursor.arraysize]) - Fetches the next set of rows as a sequence of 
sequences (default is set using cursor.arraysize); returns an empty sequence when no more rows 
to fetch. 


1 


p- 
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64 PERFORMING INSERT AND UPDATE QUERIES 
13. 


Since INSERT and UPDATE are also SQL commands, you can execute them just the way you 
have execu ted SELECT queries earlier. That is, store the query in a string as a simple query or as 
r parameterised query and execute it using cursor.execute( ) method. 

a 


BUT one important thing you must ensure with INSERT and UPDATE queries (which make 
changes to the database unlike SELECT) you must commit your query after executing INSERT | 
and UPDATE queries. 


For this your must run commit() method of connection in the end ie, 


econnection object>.commit( ) 


This is done to reflect the change in the database physically. 


table of test database as earlier ; the connection object is mycon and the cursor object name is 


cursor) | 
f | 


(i) INSERT query example 


st = "INSERT INTO student(rollno, name, marks, grade, section) 


VALUES({}, ‘{}'s {}. '{}'. ‘{}')".format(1e8, ‘Eka’, 84.0, 'A', B") 
cursor. execute(st) 


< it 
mycon.commit() T> 


You can run a SELECT query to check if your data has been added to the table or not. 


(ii) UPDATE query example 


st = "UPDATE student SET marks = {} 


WHERE marks = {}". format (77, 76.8) 
cursor.execute(st) 


mycon.commit() S NOME e wee 
ant J 
Yo, Please note, you need to run commit{ ) 
15.1 $ 


with connection object for queries 


1. Howi ar that change the data of the database 
2 ih, * database connectivity useful ? table so that changes are reflected in 
> Maat is a connection ? the database. 
3. What is a Tesult set ? 
4. : 

ty Ìs the package used for creating a 

on Hs 

application database “Sane In the same manner, you can also run DELETE queries, but 

5. Which function EA š DO NOT forget to commit() after running the query. (Refer ; 
ou use for 

> men connection to en ? to solved problem 10 that executes a DELETE query) 

i ich fimction/method do you use for With this we have come to the end of this chapter. Let us 
r ecuting an SQL query ? 


+ Whi ickly revise that we have learnt so far. 
Which method quickly re 


Tecords from th 


| 


do you use to fetch 
e Tesultset ? 
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Us REVISE 


| 
To connect to a database from within a programming application, you need a framework that facilitates 
communication between two different generes of software (programming application and DBMS). 


To connect from Python to MySQL, you need a library called mysql connector. 
You mus 


mport mysql.connector in the Python progranvscript before writing code for connectivity. 
Steps to create a database connectivity Python application are : 


Step 1 Start Python. Step 2 Import the packages required for database programming. 
Step 3 Open a connection. Step 4 Create a cursor instance, 
Step 5 Execute a query. Step 6 Extract data from result set. Step 7 Clean up the environment, 


A database Connection object controls the connection to the database. It represents a unique session with a 
database connected from within a scripvprogram. 


resultset, i.e., the set of records retrieved as per query. 


query and 
made available to the application program. 


You can use connect( ) method for establishing database connection, cursor() to create a cursor and execute() to 
execute an SQL query. 


To fetch records from a result set, you can use fetchone( ), fetchmany( ) and fetchall( ) methods. 
For INSERT, UPDATE and DELETE queries, you must run commit( ) with the connection object. 


Choice Questions 


In order to open a connection with MySQL database from within Python using mysql.connector 


package, function is used. 

(a) open( ) (b) database( ) (c) connect( ) (c) connectdb( ) 
A database controls the connection to an actual database, estabilised from within a Python 
program. 


(a) database object 


(b) connection object 
(c) fetch object 


(c) query object 
The set of records retrieved after executin 


an SQL query over an established database connection 

is called : 

(a) table (b) sqlresult (c) result (c) resultset 
A database is a special control structure that facilitates the row by row processing of 
records in the resultset. 

(a) fetch (b) table (c) cursor (c) query 
Which of the following is not a legal method for fetching records from database from within 
Python? 

(a) fetchone( ) (b) fetchtwo( ) 


(c) fetchall( ) (d) fetchmany( ) 
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chope" lgi 
To obtain all the records retrieved, you may use <cursor>, ___ method. 
i (a) fetch( ) (b) fetchmany( ) (c) fetchall( ) (c) fetchmultiple( ) 
7, To fetch one record from the resultset, you may use <cursor>, ___ method. 
` (a) fetch() (b) fetchone( ) (c) fetchtuple( ) (c) none of these 
g. To fetch multiple records from the resultset, you may use <cursor>. ___ method. 
: (a) fetch() (b) fetchmany( ) (c) fetchmultiple( ) (c) fetchmore( ) 
9, Torun an SQL query from within Python, you may use <cursor>.____ method{ ). 
(a) query() (b) execute( ) (c) run( ) (c) all of these 
10. To reflect the changes made in the database permanently, you need to run <connection>. 
method. 
(a) done( ) (b) reflect( ) (c) commit( ) (c) final( ) 


Fill in the Blanks 


1. A database controls the connection to the database. It represents a unique session 
with a database connected from within a script/program. 

ZA is a special control structure that facilitates the row by row processing of records 
in the resultset, i.e., the set of records retrieved as per query. 

3. The refers to a logical set of records that are fetched from the database by executing an SQL 
query and made available to the application program. 


4. After importing mysql.connector, first of all is established using connect( ). 


5, After establishing database connection, database ____ is created so that the sql query may be 
executed through it to obtain resultset. 

6. The ____ returns how many rows have been fetched to far using various fetch methods. 

7. The running of sql query through database cursor results into all the records returned in the form 
of : 

8. A connectivity package such as ____ must be imported before writing database connectivity 
Python code. 


% method establishes a database connection from within Python. 


10. _____ method creates a cursor from within Python. 


11. _____ method executes a database query from within Python. 


True/False Questions 


1. Wi . n 2 ` : 
With creation of a database connection object from within a Python program, a unique session with 


database starts, 


= aql query upon execution via established database connection returns the result in multiple 
unks. 


The : ; F 
cursor.rowcount gives the count of records in the resultset. 


Th 3 c 
; € cursor.rowcount returns how many rows have been so far retrieved through fetch..( ) methods 
Tom the cursor, 


A 
DELETE or UPDATE or INSERT query requires commit( ) to reflect the changes in the database. 


NOTE . 
: Answers for OTQs are given at the end of the book. 


Di 


fl: 


2: 


w 


6. 


Jeene emean sts A nN 


eee 
What is database connectivity ? 


Solution. Database connectivity refers to connection and communication between an application 
and a database system. 


What is Connection ? What is its role ? 


Solution. A Connection (represented through a connection object) is the session between 
the application program and the database. To do anything with database, one must havea 
connection object. 


What is a result set ? 


Solution. A result set refers to a logical set of records that are fetched from the database by 
executing a query and made available to the application-program. 


Which package must be imported in Python to create a database connectivity application? 


Solution. There are multiple packages available through which database connectivity applications 
can be created in Python. One such package is mysql.connector. 


What will be the generated query string ? 
query = "INSERT INTO books(title, isbn) VALUES(%s, %s)".% ('Ushakaal', "12678987036' ) 
Solution. "INSERT INTO books(title, isbn) VALUES('Ushakaal' ,'12678987036' ye 


Which record will get inserted in the table by following code? 
import mysql.connector as sqltor 


mycon = sqltor. connect (host = “localhost”, user = “learner”, passwd = “fast”, database="test 
cursor = mycon.cursor() 


query = “INSERT INTO books(title, isbn) VALUES(%s, %s)”.% (‘Ushakaal? ,? 12678987036" 
cursor.execute(query) 


mycon. commit () 


Solution. 'Ushakaal' , 12678987036 
What will be the generated query string ? 


query = "INSERT INTO books (title, isbn) VALUES('{}', {})". format('Ushakiran' ,'42568987¢ 
Solution. . 
“INSERT INTO books (title, isbn) VALUES(('Ushakiran' ,'42568987036' Y 


Which record will get inserted in the table by following code : 


import mysql.connector as sqltor 


mycon = sqltor.connect(host = "localhost", user = "learner", passwd = "fast", database 
cursor = mycon.cursor() 


query = "INSERT INTO books(title, isbn) VALUES(‘{}', {})".format('Ushakiran’ , '42568 
cursor.execute(query) 


mycon.commit() 


Solution. 


'Ushakiran', 42568987036 


INTERFACE PYTHON WITH MySQL 


qhe books h 


Die to Live 78127873915 
Again? 23686286243 
Ushakaal 12678987036 


Ushakiran’ 42568987036 


What will be the output produced by following code : 


import mysql. connector as sqltor 
conn = sqltor.connect(host = "localhost", user = "learner", passwd = ' ast", database ="test") 
cursor = conn.cursor() 
cursor.execute("SELECT * FROM books") 
row = cursor. fetchone() 
while row is not None: 
print (row) 
row = cursor. fetchone() 
Solution. 
(Die to Live 78127873915) 
(Again? 23686286243) 
(Ushakaal 12678987036) 
(Ushakiran 42568987036) 


10. Write a Python database connectivity script that deletes records from category table of database items that 
have name = ‘Stockable’ 


Solution. 


import mysql. connector as ctor 


"localhost", user = "learner", passwd = "fast", 
database = "items") 


cursor = dbcon. cursor() 


Sql1 = "DELETE FROM category WHERE name= '%s' 
data1 = ('Stockable', ) 


cursor. execute(sql1, data1) 
dbcon. commit() # commit the changes 


Print ("Rows affected: ', cursor. rowcount) 
docon. close() 


Result Set Session between the application program and the database. 


A logical set of records fetched from database based on query and made available to the application. 
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Assignment 
nn SSS CSS SS SSS ce 


Type A: Short Answer Questions/Conceptual Questions 


is 


1. What are the steps to connect to a database from with Java application ? 
2. Write code to connect to a MySQL database namely School and then fetch all those records from table 
Student where grade is ‘A’. 
3. Predict the output of the following code : 
import mysql.connector 
db = mysql. connector. connect... ) 
cursor = db.cursor() 
sql1 = "update category set name= '%s' WHERE ID= %s" % ("CSS',2) 
cursor.execute(sql1) 
db. commit() 
print("Rows affected:", cursor. rowcount) 
db.close() 


4, Explain what the following query will do ? 


import mysql. connector 

db = mysql.connector. connect (.......) 

cursor = db.cursor() 

person_id = input("Enter required person id") 
lastname = input("Enter required lastname") 


db.execute("INSERT INTO staff (person_id, lastname) VALUES ({}, pS) ae 
format(person_id, lastname) ) 


db. commit () 
db.close() 


5. Explain what the following query will do? 


import mysql.connector 

db = mysql.connector.connect(.......) 

cursor = db.cursor() 

db.execute("SELECT * FROM staff WHERE person_id in {}".format((1,3,4))) 
db.commit() 

db.close() 


Type B : Application Based Questions 


|, Design a Python application that fetches all the records from Pet table of menagerie database. 


2. Design a Python application that fetches only those records from Event table of menagerie database 
where type is Kennel. 


3. Design a Python application to obtain a search criteria from user and then fetch records based on that 
from empl table. (given in chapter 12, Table 12.5) 


Appendix Å 


Utility of Module’s name 
ea ĀM 


Every module has a name and statements in a module can find out this name. This is especially 
handy in one particular situation. When a module is imported, the main block in that module is 
run. What if we want to run the main block of the imported module ONLY IF the module was 


used by itself as a program and not when it was imported as a module? This can be achieved 
using the __name__ variable as given below : 


# Filename : moduleAsProgram. py 
def function1() : 


def function2() : 


i 


if __name__=='_main_': 
print ("I am here only if this program is run by itself") 
print("and not imported as a module") 


Now if your run the Python file mod uleAsProgram.py as you run other files through script mode, 
the output will be : 


This is run only if this program is run by itself 


and not imported as a module Output from main black because when 
\a program/module is run as a program 

(not imported) e_ stores value 

n 


But whe 
Of modul 
variable 


n you import this module, no such output will be shown because running of main block 
eAsProgram.py will happen only when itis run from within i.e., its name is stored in the 
—hame__{as per the condition given above). 


>>> import moduleAsProgram 
>>> 


tores the name of 
main! 


hon module/program has a variable defined called _name_ which is set to ‘_main_’ 
e yeoeram is run by itself, If it is imported to another program, it is set to the name of the 
‘uN’ make use of this to run a block of statements only if the program was run by itself. 


When ¢ 
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Appendix B 


Working with A Useful Python 


Library — tkinter 


B.] Introduction 


Python comes with many libraries that you can use for different purposes. In this appendix, we shall 
briefly talk about one such library-tkinter. 


B.2 = What is GUI Application 
The tkinter library is used for creating GUI applications in Python. 


GUI stands for Graphical User Interface. A GUI Application consists of many GUI components such as 
windows, dialogs, menus, text boxes, input fields, and other controls etc. While using a GUI Application, 
when you perform an action, an event is generated. In event-driven programming, that most GUIs 
follow, the program responds to the events. Some examples of events are : clicking of mouse, pressing 
enter key, dragging using mouse and so forth. 


B.3 Working with tkinter 
To create a GUI application with tkinter library of Python, you should do the following : 
(i) import the module tkinter with command : import tkinter. 
(ti) Create a blank window by using method tkinter.Tk() : wind1 = tkinter.Tk() 
Above method will create a GUI based blank window with close, maximize and minimize buttons. 
(iit) Rename the title of the window using method title( ) as : Wind1.title( "Window new title") 
(iv) Next, you need to put various GUI components c 


Following list describes some common wid 
the root window or master window. 


alled tkinter widgets as per your requirement. 
gets that you may add to the main window called 


Each widget is created by a method and each widget method takes two common parameters : 


<root> It refers to a window object already declared and to which this widget will be 
added. (the name of root or master window) 


<command> This specifies what action to take place in case the widget is clicked. You 


generally write code functions and give their name here so that the given 
function gets called when the widget is clicked. 


CE O ea | Method to add it 
Button is used to place the buttons in the tkinter Button(<root>, <other parms>) 
Canvas is used to draw shapes in your GUI. Canvas(<root>, <other parms>) 


Checkbutton is used to create the check buttons Checkbutton(<root>, <other parms>) 
in your application. You can select more than 
one option at a time. 


Button 
Canvas 
Checkbutton 


appendices 


Description Method to add it 
Entry widget is used to create input fields in GUI. lentry(<root>, <other parms>) 


Frame(<root>, <other parms>) 


Frame is used as containers in the tkinter. 


Frame : 
Label is used to create a single line widgets like | Label(<root>, <other parms>) 


1 : 
Labe text, images, etc. 


Menu(<root>, <other parms>) 


Menu is used to create menus in the GUI. 


Menu 


+ you can refer to documentation for other widgets 


(v) Add functionality to widgets by writing code functions for call back functions. A callback is the 
name of the function that is to be run in response of an event. 


can run a callback function through <command> parameter of the widget method. The 


You 
arameter may take other standard commands as well. (see code example below) 


<command> p: 
(vi) Display the widget by calling pack() with the widget method, e.g., 


root = tkinter.Tk() 

Button (root, text='Click Me", command=root .quit).pack( ) 

(vii) Finally, display the window by using the mainloop( ) method. This method displays the 
window until you manually close it. 

root .mainloop() 

efer to documentation for more details on the syntax, coding and usage. 


Please r 
are two sample codes for tkinter based two simple GUI applications : 


Listed below 


Press Me 


import tkinter 


root= tkinter.Tk() 
tkinter.Button(root, text='Press Me', command=root . quit) .pack() 


root.mainloop() 


— 


import tkinter 

def wquit(): 
print('Hello, getting out of here') 

root= tkinter.Tk() palone 

widgt1 = tkinter.Label(root, text='Hello there’) 

widgt1.pack() 

widgt2 = tkinter.Button(root, text="Click to quit’, command = wquit) 

widet2.pack() 

foot .mainloop() 


Click to quit 


Geometry Management in tkinter 
measurements. These measurements allow you to 


All widgets in the tkinter will have some geometry 
ws, etc. Tkinter has the following three Geometry 


organize the widgets and their parent frames, windo 
Manager classes. 


(i) pack( ). It organizes the widgets in the block, w 
g width. It's a standard method to show the widgets in the window. 
ti) grid( ). It organizes the widgets in table-like structure. 
(iii) place( ), It’s used to place the widgets at a specific position you want. 
i our discussion on tkinter to this much only. For your project prep 
inter by referring to official tkinter documentation and use it, if your projec 


hich means it occupies the entire available 


aration, you can 
t demands. 


Appendix C 


Installing MYSQL Python Connectors 


m 


Arhan. yu 


way oit 
Jor offer 


sows, VOR oS 


So. Edit the PATH Variable 


thing add ; <py thonpat tvil on vour computer 


i0 PATH variable. 


nistrator privileges to perform the installation process 


Atar Python is 


talled on 
system 
e same 
vou did in 


vimana ean 


= Windows 


Main and Ubuntu. The proced 
i Soup apt bet 


ore the pip command. just the way 


y thon and 


ed on Anaconda. 


mysql connector on emir insta 


ation, vou need to first download the ir 


ller from the 
anaconda.org anaconda/mysql-connector-c ‘tiles, 


Files tab as per your OS. 


en start Aiacond da prom 


ipt. On Windows you do it by command ; 
Start menu > Anaconda > Anaconda Prompt 


issue command : conda install 


-¢ anaconda mysql-connector-c and it will be 


Anacon, 


Anaconda Prome 


Jupyter Notebook À r 


t Spyder Settings 


=c anaconda mysql-connector-¢ 


Appendix D 


Project Creation and Distribution 


Introduction 
Programming in computer language is a skill that is mastered when vou start making projects. Every 
aod programming course includes at least one project creation task. And the same is the case with 
your subject ‘Computer Science with Python’. Most students feel that developing projects is one ot the 
hardest things. But we agree to it partially, Though initially you may find it hard but if you follow a 
structured approach to developing your project, you are clear about the project development 


milestones. 


t makes a Project a Good Project ? 
Isn'ta programming project considered good project if it produces the right result? Yes, but that is not 
enough. We are not going into characteristics that are ensured for big budget commercial projects but 
we'll stick around the targets identified by Weinberg. 


These are : 


1. This characteristic ensures that ‘Does a program meet its 
each possible input ? 
2. Developed within Is the program produced on schedule ? 
Time Limit 
3. Adaptability Is the project easily expandable ? The developer may/can easily 


Usability Is the project easy to use? Is it user-friendly ? Are its operating 
instructions clear enough to understand ? 


Thus, while making your projects, after completing the code, make sure to add one or two 
Pages/screens/slides ete. for help information, operating instructions etc. Also, provide help in pdf format 
too along with your project, it makes it easier to understand and operate. 


Creating Stand-alone EXE (Executable) from a Python Project 


In this section, we shall talk about how to create a Win32 executable (ie, 32 bit executable for 
Windows computers) from Python script. 


To make a WIN32 executable, make sure that the following are installed on your system : 


g Python (downloadable from www.python.org/download) 
(ii) Py2EXE (downloadable from www.py2exe.org) 


A.6 
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After Python is successfully installed, you need to install Py2Exe software before you start makin 
stand-alone executables of your script files. If Python is already installed, simply install PYEXE 
software. 
Now you need to follow following steps to create the executable. 
1. Create new empty folder. 

2. In the new folder, create, store and test your Python script/program file. Run to ensure that itis 

error-free and working in desired manner. 

Remember the name of your Python script / program file. The program we created and tested 


just now is named as, say test.py. 
3. In this step we need to create a setup script. The setup script is created for each Python 
program/script file for which you want to create an executable (and it will create two new 
folders also). That is why we stored our script in a separate folder. 
The setup script is nothing but another Python script where we import py2exe package and 
setup script from distutils package. Besides this we specify in this file which script is to be used 
as the entry point for the created executable. 
3.1 Create a new file (Python script file) with name setup.py (in the same folder as that of 
your programy/script file - e.g., test.py that we created and tested in previous step) and 
paste the following code in to it: 


from distutils.core import setup | 4— {he first nvo code lines 


import py2exe every selup script 


this is the name of progra 


setup(console=[ ‘test.py ]) file a table is being created 


e 


Now on the Windows computer, click Start and type cmd in the search box (see below), In 
Windows 10, you need to search Windows Power Shell. 


| Programs (1) 
W cmd.exe 


Type cmd |} H Documents (1) 


here 


build From the results, click 
uild-implaml CARRE 


> All Programs 


j- See more results 


Shutdown > 


4.1 In the cmd.exe or power shell, on the command prompt, firstly move to the folder 


that is having your program file and setup.py. 
and to 


4.2 To change to new drive, give its drive letter and colon e.g., D: or E: ete. 
move to a folder, give its complete path with CD command, e.g, tO move #? 
E:\TestFiles\Main\ folder, we shall write : 
>E: 
> CD \TestFiles\Main\ 
following 


5, Once you are in the folder that contains your script file and setup.py file, type 
command on the prompt : 
python setup.py py2exe 


MĂ DEON Reet 
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See figure below 


BEY C\Wisdows\system32\cerd-exe 


ows LVersion 6.1. 7601] 
Copyright (c) 2009 Microsoft Corporation. 


C:\NUsers\edupillar>d 


KEK binary SeTepdencies zx» 
Your executable(s) a so de d t 8 whict P 3: 
ill l f you may or may not need toidistelbe e eacats mien are not inc 
TAvay ain r 
6. Now you will see lots o Make sure you have the license if you distcik 
output on the console. make sure you don’t distribute files 
In the end you can see Bot 
` . N N 
the output as in the : NT Pa beaan aE 
screenshot here. 
7. Now get back to Windows explorer / Computer window and open the folder. You will see two 
additional folders namely build and dist (see below) 
lo 8 n 
| = = = n = maesan aane —_ SE — a 
Ke | = <4 > Computer >» Data (D) » witty! = 2 
— a — So = eee : = = ~ 
| ze Open > Burn New folder =- 53 oe 
j 
| 55 Hame late modibnd Type æ’ 
| F) The listalss ' h Ewe ? 
| setup.py Mi 3 ttie p 
aan Two new folders created fè z 
| -eia automatically ija 2 
| e o dist ij è toite - 
TRE - ‘ ' 
The newly created dist folder contains your scripts executable. As you can find testexe in the 
\dist sub folder, 
ee 
ts oe 
ev ade in iibrary ~ Share with v Born New folder Si. j a 
à Dess (C) ° Date he t n 
python27.dil r s5 ten 
Areca$unile ; 4 Executable file in the 
select 
Buca bead, dist folder É 
R testere y é 
-Aa umcodedsta pyd Date T 
cwloeded KY Meters! SI worpopen.ene 5 - 
| cwnleeded CESE bocis = + Cena M PRAPTO i 
9, 


F.4 


Move to dist sub folder and run test.exe, you can see your output in console. 


è ) 
some Sample Project Ideas 


. x e . . ry i i j ; j 
In this section, we are giving some sample project ideas. You can either make a project on these or 
Suggested by your teacher. 
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1. English-Spanish Vocabulary program 


Problem Statement 


Lf you've ever taken a foreign language class, you may have studied for tests by creating flash cards to 
memorize how a given word in a particular language translates into a different language. 

For this project, you are to create a vocabulary quiz program that requests the name of a vocabulary 
file in the current directory, quizzes the user on a subset of the words in the vocabulary file, and then 
gives the user the option to write out any missed words to a new vocabulary file. While the word lists 
that we are using are English to Spanish, the program could easily be applied more generally to other 
languages, giving you a practical replacement to flash cards! 


Program Outline 


1. The vocabulary files are by convention are files that end in .txt. Print a list of files that have 
some English words and corresponding Spanish translation. 

Have the user select which vocabulary file he or she would like to use. Error check to make sure 

that they select a valid file (i.e., one of the files listed in step 1). 

Store the contents of the vocabulary file into a dictionary data structure. 

4. Print the number of English words in the dictionary. 


Prompt the user for the number of words he or she would like to be quizzed on. Error check to 
make sure the number is valid. 


Quiz the user by using a randomly generated list of English words from the dictionary. 
If the user missed any questions, give the option to output the missed words to a new word list file. 
Sample Run 
Note : User input is in color 
Welcome to the vocabulary quiz program. Select one of the following word lists: 
verbs .txt 
places.txt 
Please make your selection: verbs.txt 


19 entries found. How many words would you like to be quizzed on? 3 
English word: to study 

Enter 1 equivalent Spanish word(s). 

Word [1]: estudiar 

Correct! 


English word: to search 

Enter 2 equivalent Spanish word(s). 
Word [1]: buscar 

Word [2]: mirar 

Correct! 


English word: to be 

Enter 2 equivalent Spanish word(s). 
Word [1]: ser 

Word [2]: ??? 

Incorrect. 


2 out of 3 correct. 
Enter an output file (or press enter to quit): wrong.txt 
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2. Spell-Checker 


Problem Statement 


eat raahaa 


The 
1. 


2. 
3. 


A list of correctly spelled Eng 


The 


spell checking tool will perform three tasks : 


Spot the misspelled words in a file by checking each word in the 


file against a provided 
dictionary. 


Provide the user with a list of alternative words to replace any misspelled word. 
Write a new file with the corrected words as selected by the user. 


R 


sh words is provided as a reference, one word per line of the file. 


user file to be checked is text file where each space-separated word of the file is to be examined. 


Punctuation and case should be ignored. If a word from the file does not exist in the provided list 
then it is assumed to be misspelled and a set of alternatives provided to the user. 


The 
> 


> 
> 


You 
you 
> 
> 
> 


2 


user has three options for the provided candidate list : 


select, by number, one of the candidates. The word in the file is replaced in the output file by the 
selection 


indicate that they wish to leave the word “as is” 


indicate that they wish to provide the alternative by typing it in directly. The program replaces 
the word in the file with the user provided replacement in the output file. 


need to set some rules to select the best word candidates. Some sample rules are given below BUT 
may frame new rules that might increase the accuracy and efficiency of this tool (see below). 


Consider candidates from the reference list that are +/- 1 in size with the misspelled word. n is a 
parameter you may experiment with to find a good result. 


Check that the first n letters of the two words are the same where n is a parameter you can 
experiment with to find a good value. 


Check that the number of common letters between the word and a candidate are within some 
parameter n (also to be checked). 


Check the number of letters that are in the same location for the word and a candidate. Again find 
an appropriate parameter for the limit. 


Program Outline 
ase Ee 


Your project will do the following : 


Ty 


Prompt the user for the name of the file to spell check. The program will spell check each word 
and then write a new file with the name of the original file plus the text ”-chk”. 


Thus if the file being checked is “file.txt”, the spell checked output will be “file-chk.txt”. Note 
that the file suffix is preserved! 


Prompt the user for the name of the reference list. It should default to “ref.txt”. This file consists 
of words, one word per line. 


Create a function that will read the reference list words from a file and save them in an 
appropriate data structure. 
Create a function that checks a word of the user file against a word from the reference list. 


The rules mentioned above are to be implemented in this function. This function either returns 
False, meaning that the word was in the reference list, a list of candidate replacements or an 
empty list if it could not find a candidate. 


What is the key : 1234 
Guess : 4321 


4321 : exist:4, position:@ 
Guess : 5678 

4321: exist:4, position:0 
5678 : exist:0, position:e 
Guess : 1243 

4321 : exist:4, position: 
5678 : exist:0, position:@ 
1243 : exist:2, position:2 


Guess : 123 
**** guess must have length of 4, try 
again 


4321 : exist:4, position:e 
5678 : exist:@, position:@ 
1243 : exist:2, position:2 


Guess : 12345 


****guess must have length of 4, try 
again 


4321 : exist:4, position:a 
5678 : exist:@, position:0 
1243 : exist:2, position:2 


sep 


2 
| 
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Guess : 1b34 

****contains non-numbers, try again 
4321 : exist:4, position:@ 

5678 : exist:0, position:e 

1243 : exist:2, position:2 


Guess : 1123 

****ņo repeated digits, try again 

4321 : exist:4, position:& 

5678 : exist:0, position:@ l 
1243 : exist:2, position:2 i 
Guess : 1234 

4321 : exist:4, pesition:® 

5678 : exist:®, position:0 

1243 : exist:2, position:2 


You guessed the key: 1234 
It took you 4 guesses 


So, students! All the best for your project development phase. Happy Programming! © 


= 
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Answers to Objective Type Questions [OTQs) 


CHAPTER 1 : PYTHON REVISION TOUR 


Multiple Choice Questions 


1. (b) 2. (a) 3. (b) 4. (d) 5. (b) 6. (b) 
7. (b) 8. (c) 9. (b) 10. (b) 1L. (d) 12. (b) 
13. (b) 14. (0), (c) 15. (c) 16. (a) | 
in the Blanks | 
1. Token 2. lexical unit 3. keyword 4. Immutable 5. implicit type conversion | 
6. type casting 7. pass 8. break 9. continue 
10. keyword 

True/False Questions 
1. T 2 T 3. F 4, F 5. T 
6. F A-E 8. F E i; 10. F 


CHAPTER 2 : PYTHON REVISION TOUR-II 


Multiple Choice Questions 


1. (© 2. (b) 3. (c) 4. (a) 5. (a) 6. (d) | 
7. (d) 8. (a) 9. (a), (b), (e) 10. (b), (d) 11. (©) 12. (c) 
13. (d) 14. (0 15. (c) 16. (a) 17. (a) 

Fill in the Blanks 
1. contiguous 2. + 3. + 4. string slice 5. * 
6. Tuples or Strings 7. list() 8. pop( ) 9. del 
10. clear( ) 11. packing 12. unpacking 13. keys( ) 14. values( ) 
15. items( ) 

True/False Questions 
L F 2. F 3 T 4. F 5. T 6. T 
7. F 8. T 9. T 10. F i. 12. F 

CHAPTER 3 : WORKING WITH FUNCTIONS 

Multiple Choice Questions 
1. (a) 2. (b) 3. (0 4. (9 5. (d) 6 (9 
7. (a) 8. (a), (d) 9. (b), (9 10. (b) 11. (© 12. (a) 


13, (a) 14. (b) 15. (d) 


mE 
E 


Fill in the Blanks 


1. Function 2 __main__ 3. __main_ 


5. parameters/formal parameters/formal arguments 
8. Keyword 9. None 10. __main__ 


True/False Questions 
1. F 27 3. T 
A 8. T 9.7 


11. 


4. 
10. 


arguments/actual parameters/actual arguments 
7. default 
12. header 


default parameter 


Flow of Execution 


F 11. 


T 
T 


CHAPTER 4 : USING PYTHON LIBRARIES 


a NNN 


Multiple Choice Questions 


1. (a) 2. (b) 3. (b) 
7. (a), (9 8. (b) 9. (b) 
Fill in the Blanks 
L _init_py 2 library 3. module 


True/False Questions 
1. F 2T 3. F 


ğ 


4. 
10. 


4. 


(d) 5. 
() 

random 5, 
F 5. 


CHAPTER 5 : FILE HANDLING 


Multiple Choice Questions 


1 (0 2 (b), (d) 3. (a), (e) 
7. (d) 8. (a) 9. (a) 
13. (a) 14. (b) 15. (b) 
18. (b) 19. (d) 20. (c) 
Fill in the Blanks 
1. read 2. file mode 3. text, binary 
7. close( ) 8. readlines( ) 9. writelines( ) 
11. pickle 12. dump( ) 13. load() 
15. delimiter 16. comma 17. text 
21, we 22. wb+ 23. r 


True/False Questions 


1. T 2 F 3. T 
7. T 8. T 9. F 
11. T 12. F 13. T 
17. F 18. T 


10. 


5 


(c) 5. 
(a) 11. 
(b) 17. 


file handle 5. 
flush( ) 
pichling, seria 
newline 


at 


(c), (d) 


string, 


(d) 
(a) 
(a), (d), (e) 


r+ 


6. (a), (b) 


16. 


Ww orat 


re 


CHAPTER 6 : RECURSION 


Multiple Choice Questions 


1. (9 2. (b) 3. (b), (d) 4. (b) 5. (c) 6. (9 
7. (a) 8. (d) 9. (d) 10. (b) 11. (c) 12 (b) 
13. (a) 14. (d) 35. (c) 

Fill in the Blanks 
1. Recursive Function 2. Base 3. recursive 4. infinite recursion 
5. base case 6. more 7. base 


True/False Questions 
L F 2 7T 3. T 


7. F 8. F 9. °F 10. T 


CHAPTER 7 : IDEA OF ALGORITHMIC EFFICIENCY 


ee 


Multiple Choice Questions 
1. (a) 2. (a) 3. (a) 4. (c) 5. (c) 6. (a) 
7. (b) 3. (b) % (a) 10. (9 


Fill in the Blanks 
1. complexity 2. slower 


3. Dominant 
4. dominant 5. 


worst case 


True/False Ques 
LT 


xyes 


CHAPTER 8 : DATA STRUCTURES | — LINEAR LISTS 


_ a a aa a 


ze Questions 


L (9 2. (a) 3. (a) 4. (0) 5. (c) 
Fill in the Blanks 
l. data structure 2. linear search 3. list comprehension 
4. nested list 5. regular 
True/False Questions 
L F 2T 3. T 4. F 5. T 


CHAPTER 9 : DATA STRUCTURES I] — STACKS AND QUEUES USING LISTS 
NT S 


Multiple Choice Questions 


1. (b) and (c) 2. (a) 


7. (b) 8. (d) 
13. (a) 14. (d) 
19. (a) 20. (b) 


Fill in the Blanks 
1. Last In First Out 
4. rear 
7. Overflow 


10. output restricted deque 


True/False Questions 
1: T 7 p 
rA 8. T 


3. (a) 4. (c) 
9. (b) 10. (b) 
15. (a) 16. (b) 
2. Push, Pop 

5. front 

8. Underflow 

3; ‘T 4, T 
9. F 10. F 


11. 
17. 


(a) 6. (b) 

(b) 12. (a) 

(a) 18. (a) 
. First In First Out 


. enqueue 


. circular 


CHAPTER 10 : COMMUNICATION AND NETWORK CONCEPTS 
— E N eR MINER TS 


Multiple Choice Questions 


1. (a) 2. (a) 
7. (b) 8. (b) 
13. (a) 14. (b) 
19. (a) 20. (b) 
25. (c) 26. (a) 


Fill in the Blanks 


1. WAN 

4. unguided 
7. Internet 
10. 6, 48 

13. LAN 

16. bridge 
19. reapter 


22. star, bus 


True/False Questions 


1. F 2. T 
7. T 8. T 
13. T 14. T 
19. F 20. T 


15. 
21. 


. (b) 4. (a) 
. (b) 10. (d) 
. (c) and (d) 16. (b) and (c). 
. (b) 22. (d) 
. (9 28. (c) 


. Wide Area Network 
. IMAP 

. IP address 

. client/server 

. MAN 

- router 

. bus 


. mesh 


aon 
_ 
a 
lz] 


11. 
17. 


ey 6. (d) 
. (a) 12. (b) 
(c) 18. (c) and (d) 
. (b) 24. (d) 
. (d) 30. (b) 
. guided 
SMTP 
MAC 
. node/host 
. hub 
- gateway 
. star 
. PAN 
F 6. F 
F 42; 
T 18. T 


CHAPTER 11 : RELATIONAL DATABASES 
— EE VATABASES 


Multiple Choice Questions 


1. @ 2. (c) 3. (c) 4. (b) 5. (a) 6. (b) 
7. (d) 8. (b) 9. (d) 10. (b) 
Fill in the Blanks 
1. database 2. redundancy 3. domain 
4. tuple 5. attribute 6. degree 7. cardinality 
8. primary key 9. foreign key 10. relational 


True/False Questions 


1. F 2. F $ 
Z- F 8. T a. FT 


Q 

7 
A 
2) 


CHAPTER 12 : SIMPLE QUERIES IN SQL 
ee ee UN ONL 


Multiple Choice Questions 
1. (c) 2. (a) 3. (c) 


4. (d) 5. (a) 6. (b) 
7. (a) 8. (a) 9. (c) 10. (a) 11. (a) 12. (b) 
13. (d) 14. (a) 15. (b) 16. (d) 17. (c) 18. (b) 
19. (d) 20. (c), (d) 


Fill in the Blanks 


1. Structured 2. FROM 3. DISTINCT 4. asterisk (*) 
5. WHERE 6. ORDER BY 7. DESC/descening 
8. AND 9. LIKE 10. ascending 
True/False Questions 
1, F za T 3. E 4. F 5. F 6. T 
7. F 8. F 9. T 10. F Iis F 12. T 


CHAPTER 13 : TABLE CREATION AND DATA MANIPULATION COMMANDS 
S ge ED A TA VANL ULATION SOMMANDS 


Multiple Choice Questions 


1. (b) 2. (c) 3. (a) 4. (b) 5. (b) 6. (d) 

7. (a) 8. (b) 9. (a) 10. (b) 11. (a) 12. (d) 
Fill in the Blanks 

1. USE 2. SHOW DATABASES 3. constraint 4. REFERENCES 

5. COMMIT 6. ALTER TABLE 7. DROP TABLE 8. primary key 


True/False Questions 
1, T 2. F 3. F 


CHAPTER 14 : GROUPING RECORDS, JOINS IN SQL 


Multiple Choice Questions 


E {8 2 j 
7. (b) S. @®) 
13. (d) 14. (a) 
19. (a) 20. (È 


Fill in the Blanks 
1. HAVING 2 aggregate 
7. AVG S. MAX 
11. GROUP BY 


True/False Questions 


Ll. fT Z E 
w T S T 
IE F a T 


ow 


14. 


JOIN 
MIN 
HAVING 


ot 


(a) 
(c) 
(a) 


22. (a) 


10. 


. COUNT 
- GROUP BY 


al 


n 


1. 
17. 


14, 


11. 


(a) 6. 
4b) 12. 
ite) 18. 


ommon b. 


(2) 
(b) 
4e) 


SUM 


loin 15; = 
T 6 
T 


CHAPTER 15 : INTERFACE PYTHON WITH MYSQL 


Multiple Choice Questions 
1. {ø 2 &) 
7. (b) 8. (b) 
Fill in the Blanks 
1. connection object 
4. database connection 
8. mysqlconnector 


True/False Questions 
T T Z2 F 


oump 


(4) 
{b) 


4. (0) 


10. 


Database cursor 


cursor 
connect{ ) 


(c) 


3. 


3. 


6. cursor.row count 


10. 


cursor( ) 


11. 


(b) 6. 


resultset 


- 
de 


execute( ) 


(£) 


resultset 


Taie 
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